
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



AN ABSTRACT OF THE THESIS OF 

 

Colin Duncan for the degree of Master of Science in Marine Resource Management 

presented on September 16, 2014 

 

Title: Cooperative Product Development between Researchers and Commercial 

Fishermen to Find Applications for Ocean Condition Forecasting Technology 

 

Abstract approved: 

____________________________________ 

Flaxen Conway 

 

This is a case study of the cooperative development of an ocean condition 

forecasting tool by Oregon commercial fishermen, Oregon State University (OSU) 

scientists, and OSU student software engineers. Ocean condition forecasting models 

developed by OSU scientists were used to create an online tool to assist decision-making 

for fishermen. This tool is loosely based on the NANOOS Visualization System (NVS), a 

publically available product of the Northwest Association of Networked Ocean Observing 

Systems (NANOOS).  

The new tool was designed using data gathered from Oregon commercial fishermen 

in semi-structured interviews and group meetings. These interviews and meetings explored 

the ways that the fishing community uses ocean condition information to inform fishing 

tactics. Similar interviews with scientists explored why and how the scientific community 

creates tools like NVS. Interviews were also conducted with the software engineers who 

built the tool in an attempt to examine the product design process itself. Resulting findings 

were used to build a prototype tool that matches the capabilities of the scientific and 

development communities with the needs of the fishing community. This study also 

gathered observations on fishermen’s, scientists’, and developers’ motives for cooperation 

in research and product development. 



Research in the fishing community indicated that fishermen make use of a wide 

variety of information, and in a diversity of ways. For example, predictions of sea surface 

temperature were of particular interest to tuna, swordfish, and salmon fishermen, while 

crabbers placed an emphasis on the speed and direction of ocean currents. There was 

general interest in wave models, particularly at the entrance to harbors, given the impact of 

wave action on vessel safety. Fishermen expressed interest in accurate representations of 

bathymetry, as well as in subsurface currents. 

Interface issues with the tool were also important. Fishermen stressed that 

simplicity and intuitive ease-of-use be balanced with richness of information. For example, 

fishermen expressed a preference for distance to be expressed in nautical miles rather than 

in the kilometers that are currently the default NVS setting. While they praised NVS for 

providing them with access to information on a wide variety of ocean conditions, the 

multiplicity of models available on NVS and the manner in which they were arranged 

could sometimes be confusing. Fishermen mentioned that they often use tools like NVS at 

sea, where the dynamic nature of the environment (i.e., on boat in constant motion) raises 

interface issues generally not present ashore. There was also concern about connectivity for 

an internet-based tool at sea, distant from internet or cellular connections. 

This research uncovered important details about the cooperative design process. 

Fishermen, in particular, expressed mixed feelings about cooperation with the scientific 

community, especially with respect to the perceived role scientists play in fisheries 

regulation. Fishermen also stated that the scientific community failed to value fishermen’s 

knowledge. However, given the non-regulatory nature of this project, fishermen expressed 

cautious optimism. 

This research also uncovered practical considerations for cooperation between 

fishermen and scientists. For example, the best time for meetings and interviews with 

fishermen was October, November, and early December, during a lull in fishing activity 

that generally precedes the opening of the winter crab season. Early in the crab season, as 

well as late spring, were particularly bad times as the fishermen were generally busy. 

Fishermen’s schedules may be irregular, dependent on fisheries regulations and on ocean 

conditions that may be highly uncertain. Scientists, by contrast, may have highly inflexible 



schedules, with numerous commitments booked months into the future. As a result, 

coordination between these two groups may prove challenging, and require creative 

thinking to maneuver around. 

Scientists expressed enthusiasm for using their ocean models to benefit the fishing 

community, as this demonstrated the applicability of their research to areas outside of 

academia. In the words of one participating scientist, “You want people to use the research 

that you’re doing.” The idea of cooperation also met with a favorable response, but the 

value of middlemen who could intermediate between the communities was stressed. Lack 

of time was cited as a barrier to direct interaction, as was the perception that end-user 

interaction was a more appropriate job for social scientists, rather than oceanographers.  

The student software engineers who formed the tool’s product development team 

also appreciated having a go-between to research the needs of the fishermen, “digest” the 

field data, and contribute findings to the design process. This freed the product 

development team to focus on its own strength (writing code), with the intermediary 

arranging occasional interactions with fishermen or scientists as necessary. However, the 

design team members did stress that as the new tool developed, direct interaction with 

fishermen would become more necessary. It may be that as the cooperative product 

development process continues the role of the intermediary may change. Those who study 

this in the future may find themselves facilitating and observing direct communication 

between participating fishermen, scientists, and development team members, rather than 

acting as the main channel of communication as has thus far been the case. 

This research has laid the groundwork for continuing development of a useful tool 

for Oregon’s fishermen. It has also contributed to a mutually beneficial channel of 

communication between the fishing and scientific communities. Lessons learned about 

fishermen, scientists, and product designers can inform future iterations of the cooperative 

design process, as well as provide a basis for cooperation in other areas of research. 

However, these lessons and new channels of communication are only as valuable as 

the willingness to follow through with the cooperative development process. If the new tool 

never gets beyond the proof-of-concept stage, it may actually serve to worsen relations 

between the fishing and academic communities. According to one scientist, “If the project 



stops here, the fishermen will chalk this up to one more academic ‘teaser’ or failure.” 

Fishermen, scientists, and development team members have all invested time, energy, and 

goodwill into this project. All three groups stand to realize that investment if the project 

succeeds, and to loose it if the project fails. True success in this project arguably means that 

the cooperative development process will be alive and benefiting the participants when this 

thesis is gathering dust on a shelf. 
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INTRODUCTION 

 

 

“Red sky in the morning is a sailor’s sure warning 
Red sky at night is the sailor’s delight” 

 
 The translation of research findings into useful tools for the larger public can be a 

challenging but rewarding process. The new tools may directly benefit users, and 

researchers may also derive satisfaction from seeing their work applied outside of academia. 

The process of cooperating with potential users to find applications for scientific research 

can also encourage future positive interactions between participants.  

 This case study explores the process of cooperative product development between 

Oregon State University (OSU) ocean scientists, OSU student software developers, and 

members of Oregon’s commercial fishing community. It asks the question, “How do 

relationships between fishermen, scientists, and software developers affect and how are 

they affected by the cooperative development of a new ocean condition forecasting tool?” 

This study seeks to answer the question by documenting members of these communities 

and their relationships with each other as they cooperatively develop the prototype of a 

new online tool for ocean condition forecasting. Results of this study can contribute to 

future iterations of the tool and to other cooperative interactions.  

 The new prototype uses an existing tool called NANOOS Visualization System 

(NVS) as a conceptual model. NVS is an imaging and predictive tool available gratis online, 

courtesy of the Northwest Association of Networked Ocean Observing Systems 

(NANOOS), a regional branch of the federally funded Integrated Ocean Observing 

Systems (IOOS) (Mayorga et al 2010). NVS provides near real-time data and forecast 

information on conditions such as sea surface temperature (SST), wave height, wind speed 

and direction, and a variety of other conditions (Ibid). It has been discovered by 

commercial fishermen, who expressed interest in a form of NVS more applicable to the 

needs of their industry. 
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NANOOS is considering ways to meet this demand. It has already re-designed the 

NVS website to be more user-friendly, and developed applications specifically geared 

towards tuna fishermen and oyster growers. Further efforts, however, can benefit from 

research into the needs of fishermen and into the best strategies for making NVS data 

more useful to them. The inclusion of user input will hopefully make the product 

development process more agile and efficient, and result in a product tailored to user 

needs. Also, cooperative design will hopefully contribute an evolutionary quality to the 

project, allowing future iterations of the product to adapt to changes in user needs and 

available technology. 

 This research consists of three different lines of inquiry. The first line of inquiry 

consists of examining the different communities involved (fishermen, scientists, and 

software developers). The second explores their relationship to one another. Interviews and 

group meetings were conducted with scientists, fishermen, and developers to better 

understand each community and their relationships.  

The third line of inquiry is an exploration of tool development. Software 

developers (a team of computer science undergraduates) were tasked with the creation of a 

working prototype that would match the output of the scientists’ models with the needs of 

the fishermen. This prototype was then presented to the contributing scientists for 

approval. Once the scientists approved of the prototype’s use of their model outputs, the 

prototype was presented to the fishermen for feedback that could inform the next iteration 

of the tool. 

The “Background” section of this thesis reviews ocean modeling, the fishing and 

scientific communities and their interactions, and cooperative research and product 

development. The “Methods” section describes the interviews and group meetings 

conducted with scientists, fishermen, and production team members, as well as detailing 

the method of qualitative data analysis that led to informative themes about the 

communities and the development process. The “Results” and “Discussion” sections have 

been combined, permitting the reader to smoothly transition from the information 

gathered to a discussion of its significance. It addresses issues for each of the different 

communities, such as motives for participation and (especially for the fishermen) ideas for 
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what the prototype of the new ocean condition forecasting tool should provide and how it 

should function. This section also includes participants’ impressions of cooperative 

research and product development, as well as a review of the resulting prototype ocean 

condition forecasting tool at the time of writing. The “Conclusion” details some final 

thoughts by the researcher and makes recommendations for continuing research and 

cooperative product development. The appendixes consist of interview and group meeting 

protocols used in the research, a copy of a flier recruiting fishermen to attend a group 

meeting, a review of other ocean condition forecasting tools currently used by participating 

fishermen, a proposed “About” web page for the new ocean condition forecasting tool, and 

the final report from the product development team on the prototype of the new ocean 

condition forecasting tool. 
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CHAPTER 2 – BACKGROUND 

 

 

“When halo rings the moon or sun 
Rain’s approaching on the run” 

 

2.1 Ocean condition modeling, NVS, and NANOOS 

 

 Oceans are dynamic, dangerous environments, but also the site of intense 

economic activity (Centers for Disease Control and Prevention, 2008). Sailors have long 

relied on ocean condition information to inform their decision and have benefited from 

the development of models that help to render their work environment more predictable 

(Smith 2006). 

In the context of ocean research, models are abstract representations of physical 

systems, which are used to describe ocean conditions of the past, present, and future, and 

to explore causative mechanisms that drive ocean conditions (Neelin 2010, Olbers et al 

2012). Models are employed for a wide range of purposes, from predicting the climate 

impact of fossil fuel combustion to local daily weather forecasts for the average citizen 

(Edenhofer 2013).  

Ocean observations may be used as inputs for a model. The model then 

extrapolates from those inputs to generate forecasts, nowcasts, and even hindcasts of ocean 

conditions consistent with our understanding of ocean dynamics and physics (Smith 

2006). Accuracy of a model’s output can be limited by the models’ inherent efficacy, by the 

demands placed on it (predictions of next week’s weather may be significantly more 

uncertain than predictions of tomorrow’s weather) or the quality and quantity of data 

provided to the model. Scientists seek to minimize the discrepancy between actual and 

modeled phenomena through continual improvement of computing technology and 

modeling techniques (Ibid). Scientists also seek to improve models through the application 

of a variety of data collection techniques, including buoys, high-frequency radar, satellites, 

and gliders (Mayorga et al 2010). 
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The federally-funded Integrated Ocean Observing Systems (IOOS) coordinate 

ocean research and modeling across the United States (U.S. IOOS Report to Congress 2013). 

In Oregon and Washington, IOOS regional member organization, the Northwest 

Association of Networked Ocean Observing Systems (NANOOS) makes model output 

available to the public through an online resource called the NANOOS Visualization 

System (NVS). NVS is a website where users can explore regional ocean conditions in a 

variety of ways. These include false color visualizations of regional ocean variables such as 

sea surface temperature and chlorophyll, measurements from buoys and other assets, and 

local models (Mayorga et al 2010). NVS seeks not only to meet the needs of scientists, but 

of other ocean users, particularly commercial fishermen and shellfish growers, reflecting 

the importance of these industries in the Northwest’s coastal communities and economy 

(Risien et al 2009).  

 

2.2 Oregon’s scientific ocean forecasting community 

  

 Oregon’s scientific ocean forecasting community consists of scientists at various 

educational institutions (including Oregon State University, University of Oregon, Oregon 

Health and Sciences University), government (National Oceanic and Atmospheric 

Administration [NOAA]), and individuals in the private sector. This community is not 

necessarily constrained by Oregon’s borders. Members of the forecasting community may 

be out-of-state, on the other side of the continent (NOAA headquarters are located in 

Silver Springs, Maryland), or as far away as Australia (Lewin, Gary, Columbia River Bar 

Pilots Association, personal communication). 

 Ocean science can be a highly competitive field, with numerous different scientists 

competing for limited amounts of grant money and other resources (National Research 

Council 2004). They may often be incentivized to focus more on basic than on applied 

research, and often have multiple demands on their time, balancing research with teaching 

and professional service (Ibid). In addition, scientists operate under pressure to publish 

their research and attend scientific conferences (Ibid). These various demands may pressure 
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scientists away from applied research and from engaging in cooperative projects with non-

scientists, like fishermen. 

Despite these pressures, however, scientists do display an awareness of the potential 

of their research outside academia (Risien et al 2009, Mayorga et al 2010, García-Medina et 

al 2013). While most scientists have only a fraction of the actual maritime field experience 

possessed by professional fishermen, they have access to a wide range of data sources on 

ocean conditions and to data processing capabilities that permit discoveries unrealizable by 

anyone else (Dobbs 2000). These discoveries have led to impressive advances in forecasting 

technology, which can provide benefits to a wide variety of non-academic users (Janssen 

2008, Haidvogel et al 2008, Kaldellis and Zafirakis 2011, García-Medina et al 2013). 

 

2.3 Oregon’s commercial fishing community 

 

 Oregon’s commercial fishermen are distributed among over 195 communities 

along 363 miles of coastline, ranging from Astoria on the mouth of the Columbia River to 

Brookings, north of the California border (Norman et al 2007). For purposes of this study 

the term “fishing community” is limited to individuals who actively harvest animals from 

the ocean, as opposed to members of the larger coastal community whose lives and 

livelihoods are often intertwined with those of fishermen (and vice versa). These fishermen 

tend to run family businesses, owning and operating a variety of craft that compose 

Oregon’s commercial fishing fleet (Package 2009). 

 The fishing community is diverse, and this diversity manifests in a variety of ways. 

For example, fishing vessels can range from a single-man dory launching directly from the 

beach to a sizeable shrimp boat that employs a number of deckhands and needs a deep 

harbor for docking. Fishermen can also be distinguished by the variety of species they 

pursue – salmon, crab, swordfish, sablefish, tuna, and/or shrimp, for example. This is a 

more flexible criterion, however, as the same fisherman may pursue different types of fish 

at different times of the year (Norman et al 2007). Members of the fishing community can 

also be distinguished by the type of gear used to catch fish, be it trawl, longline, pot, or 

some other type of gear (Gilden 1999). 
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 Fishing communities have been subject to changing pressures in recent history as 

fishing regulations have become more stringent and new industries like wave energy 

compete for access to ocean space (Henkel et al 2013). While regulations may be intended 

to promote the long-term sustainability of marine ecosystems and the human populations 

that rely on them, the short-term impacts have been challenging for communities that prize 

independence and self-reliance (Dobbs 2000). It is telling that while Oregon fishermen 

continue to pursue their trade, they often encourage their children to go into a different 

line of work (Gilden 1999, Package 2009). In an environment such as this, ocean 

condition forecasting tools that give fishermen a way to conduct their business in a more 

efficient and safe manner may represent an important asset to the fishing community. 

 

2.4 Ocean condition decision-making in the fishing community 

 

 Commercial fishermen have a long record of using ocean condition models to 

make decisions. The old proverb at the beginning of this document is an example of a 

simple predictive model popular among amateur weather forecasters today (Sloan 1952). It 

is one that appears in many forms throughout the Western world, and may date back to 

biblical Israel, as documented in Matthew 16: 2 – 3a, 

  

But He replied to them, “When it is evening, you say ‘It will be fair weather, for the sky is red’ 
And in the morning, ‘There will be a storm today, for the sky is red and threatening.’” 
 

 This is effectively a simple predictive model based on two premises. The first is that 

prevailing weather patterns generally move from west to east (a common phenomenon in 

temperate latitudes). The second is that the light of the setting or rising sun, striking an 

observer at an oblique angle, shines through more atmosphere than that of the noonday 

sun. Particles suspended in this atmosphere filter out more of the short wavelengths of 

visible light (such as blue or green light), leaving more of the long wavelengths (red) to be 

perceived by the eye. In order for the setting sun to light the evening sky with red, 

therefore, it must shine through a mass of air replete with dust particles, indicative of high 
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pressure and clear weather. Since temperate air masses tend to move from west to east, this 

means that the high pressure zone should be moving towards the observer, betokening fair 

weather to come. The same phenomenon in the morning, however, means that the sun’s 

red light is shining through a high pressure zone moving away from the observer, possibly 

drawing a low pressure, rainy air mass after it (Sloan 1952).  

Fishermen have a vested interest in knowing as much about current and future 

ocean conditions as they can, considering the impact ocean conditions have on their 

livelihoods. Accurate predictions of SST, for example, can affect the success of fishermen 

whose prey associate with certain parameters of temperature (Alverson 1961, Keene 1974). 

Forecasts of current speed and direction can affect how much time and fuel are spent to 

get a vessel to a chosen fishing ground. Given the impact of rising fuel prices on 

fishermen’s finances, measures that allow fishermen to minimize the amount of fuel 

burned per fish caught represent worthwhile savings (Wilson 1999, Gulbrandsen 2012, 

Crowley 2014). 

Accurate forecasts can also impact the safety of the fleet. In terms of fatalities, the 

Pacific coast fishery with the greatest hazard from 2000-2006 was the Northwest Dungeness 

crab fishery. According to the Centers for Disease Control (2008), during this period the 

majority of fatalities (74%) in Northwest fisheries were associated with the loss of entire 

fishing vessels. The majority of these losses were in turn associated with weather conditions 

(79%) or large waves (40%) (Ibid). Based on these and similar statistics from American 

fisheries, the National Institute for Health and Safety (2011, p.5) specifically recommends 

that fishermen “heed weather forecasts and avoid fishing in severe sea conditions.” It 

would follow that not only is the success and profitability of fishing a concern, but the very 

lives of the fishermen involved can be protected by providing the fleet with access to the 

best ocean condition forecasts available. 

 

2.5  Cooperative ocean research 

 

While it would be possible to simply continue refining existing models and making 

them available to the public, lack of user feedback may limit the usefulness of such models 
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outside the scientific community. Input from potential users is essential to developing 

research applications, and is part of “a growing trend to involve other parties in fisheries 

research activities under the general umbrella of ‘cooperative research” (National Research 

Council 2004, p. 1). Cooperative ocean research dates at least as far back as the mid 1800s, 

when M.F. Maury, then superintendent of the Depot of Charts and Instruments at 

Washington, D.C., arranged for sailors (including fishermen) to provide him with regular 

oceanographic and meteorological observations (Smith 2008). These observations were 

used to create charts of ocean conditions, which were then provided to the maritime 

industry in exchange for their cooperation (Ibid).  

Since then, cooperative research has continued to make contributions to ocean 

science. In an opinion paper written for the American Fisheries Society, William Hogarth 

of the NOAA Fisheries Service states “Cooperative research programs and projects have 

existed in the NOAA Fisheries Service for most of the agency’s history” (Hogarth 2005, 

p.1). In recent years interest in cooperative fisheries research has intensified as scientists 

seek cost-effective ways to collect data (Starr and Vignaux 1997). In 1999 Congress 

earmarked funds for cooperative research, with funding levels occasionally exceeding $16 

million annually (Hogarth 2005). Cooperative research is credited not only with improving 

research efficiency, but also with “improving confidence that both commercial and 

recreational fishermen have in the data and analyses performed in support of fisheries 

management” (Ibid p.5). 

Recently, Californian fishermen and scientists have cooperated in the development 

of cost-effective alternatives to traditional sampling methods for trap-based fisheries 

(Culver, et al 2010). In New England, the “Environmental Monitors on Lobster Pots” 

program allows scientists to collect oceanographic information through the assistance of 

lobster fishermen (Feeney et al 2010). Similarly, the Maine and New Hampshire Trawl 

Survey has resulted in stock assessment data not achievable by NOAA Fisheries (Ibid). The 

Northwest is home to the West Coast Groundfish Research Program and the Port Liaison 

program, which paired researchers with fishermen “to advise and assist in groundfish 

research along the West Coast (Hogarth, 2005 p.8). Collaborations between fishermen and 

scientists are credited with improving relations between the two communities and with 
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contributing to “a more democratic form of fisheries management,” (Wendt and Starr 

2009, pp. 315). 

Cooperation contributes not just to American maritime research, but to global 

maritime research as well. Christensen and Raakjær’s (2006) study on Danish fishermen’s 

decision-making, for example, relied heavily on in-depth interviews provided by fishermen 

who helped the researchers to understand priority-setting strategies in the Danish fishing 

community. In the southern hemisphere the cooperation of local subsistence fishermen 

has been essential to Malagasy fisheries research conducted through the non-governmental 

organization Blue Ventures (Barnes-Mauth et al 20013, Westerman and Gardener 2013, 

Westerman et al 2012). In New Zealand the hoki fishery employs an observer program that 

uses fishermen as observers and fisheries samplers (Harte 2001). At the same time, the New 

Zealand Rock Lobster Industry Council (composed of both governmental and industry 

members) has become an accredited research provider to the Minister of Fisheries and 

conducts stock assessments (Ibid). In 1997, voluntary logbook data provided by New 

Zealand lobstermen have provided the research community with orders of magnitude more 

sampling days and lobsters sampled than the official research sampling program, and with 

comparable levels of accuracy (Starr and Vignaux 1997). According to the National 

Research Council, “Fishermen bring field experience, practical knowledge, and platforms 

for collection of data” which can greatly benefit fisheries research (National Research 

Council 2004, pp. 10). 

Cooperative marine research between scientists and Oregon coast fishermen in 

particular has a decades-old precedent (Keene 1974). Researchers who have had successful 

experiences working with fishermen have noted the fishing community to be a wealth of 

knowledge, and particularly valuable in data-poor environments. For example, Chesney 

(2012, p.3) found input from the Oregon fishing community valuable in efforts to track 

the presence of Humboldt squid, noting that, “sightings recorded by fishermen covered a 

much larger area over a longer time frame than the scientific survey and observer data.” 

While it may have been a challenge to incorporate the qualitative, experiential knowledge 

of fishermen into more traditional, quantitative studies, the results gave a more complete 

picture of the ocean (Chesney 2012). Other successful cooperative research efforts have 
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included work with crabbers, using remote sensing devices attached to crab pots as a cost-

effective source of data on subsurface ocean conditions (Childress 2010).  

Cooperative oceanic research sometimes focuses on the fishing community itself. 

Package (2009) found researchers recruited from within Oregon fishing communities 

essential to the development of detailed profiles of those communities, which 

complemented NOAA’s West Coast Community Profiles. Researchers who were already 

members of this community of interest proved more effective than Package at recruiting 

participants for interviews. Package posits that the community researchers may have 

provided access to parties inaccessible to an outside researcher. While Package notes that 

her use of community researchers was not without complications, it highlighted the 

importance of working with the informal social networks that link members of Oregon’s 

fishing communities.  

Mabardy’s (2013) work likewise focused on ocean users, exploring perceptions of 

ocean acidification in the shellfish industry. In the course of her research she found that 

slightly under half of industry representatives contacted did not respond to her inquiries at 

all. Among those who did respond, she found “issues of lack of trust, frustration, and 

uncertainty,” that needed to be addressed in order to foster a mutually beneficial 

relationship (Ibid, p.62). In particular, she found shellfish growers irked by a perceived 

inability of the scientific community to deliver a clear message regarding ocean 

acidification. She suggested increasing contact between the two communities and 

encouraging an unbiased and transparent scientific process that could contribute to 

improved interactions (Ibid).  

 

2.6 Cooperative product development 

 

One intuitive method of cooperating with fishermen to produce better ocean 

models is to make use of fishing vessels as mobile observational platforms, or to use fishing 

equipment as an anchor for remote sensing devices (Smith 2006, Childress 2010). 

However, if the objective is not only to build more accurate models, but also to build ones 

that will benefit the fishing community, the challenge goes beyond data sources and model 
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design. Success becomes a question of developing a relationship with the end user that 

fosters understanding of the user’s needs and capabilities, and that builds trust between the 

user and the producer. Cooperative product development is a strategy intended to 

accomplish these goals. 

Cooperative product development became a subject of study in the business 

community roughly three decades ago, when many prominent corporations systematically 

adopted the strategy of focusing on “core competencies,” and outsourcing functions 

outside those core competencies to other parties (Prahalad and Hamel 1990). When 

developing products that demanded resources or expertise not held by the originating 

company, especially when pressed for time or exploring new markets, firms may rely on 

cooperation with a complementary organization (Baden-Fuller et al 2000). Cooperation 

also takes the form of joint ventures in emerging markets, when foreign multinational 

corporations form partnerships with domestic firms, often transferring technology and 

expertise to their domestic partners. China is perhaps the best-known example of this 

phenomenon, which helped to facilitate its development of technology and business 

expertise to the point at which it now acts as the parent nation for multinational 

corporations of its own (Davies 2013).  

Some companies also attempt to engage their end users in the process of product 

development, hoping that frequent user feedback can result in a superior product and 

avoid developers unwittingly wasting time and resources on dead-end products or features 

(Hoegl and Wagner 2005). Interaction with users also gives developers a better 

understanding of the market (Hirschman 1986). Dougherty (1990) notes such market 

understanding as being key to the commercial success of products. She further notes that 

since parties from different backgrounds tend to define the market differently, “if one 

department dominates a firm’s product development process, the market understanding 

will match that department’s market schema” (Ibid, p.75). The result is an incomplete 

understanding of the market which translates into reduced likelihood of product success. 

Successful product development, she found, tended to feature high levels of “organic” (i.e., 

unstructured) communication between parties not only within a given firm, but also 

upstream and downstream in the product development process. 
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Cooperation with users may be a selective process, focusing on a subset of users not 

representative of the broader user population (Blank 2006). At first glance this may seem a 

counter-intuitive strategy for producers hoping to meet the needs of a larger user 

population. However, cooperating with and designing for the few takes into account a 

business concept called the “product adoption curve,” which can have a strong impact on 

the ultimate success of a new product (Ibid). 

The product adoption curve is a popular model that describes the pattern by which 

a successful new product tends to penetrate a market (Van den Bulte and Joshi 2007). This 

model (Figure 1) is often shown as a bell curve, with different parts of the curve 

representing different segments of the target market. When the product is first introduced, 

it is initially adopted only by a small segment of “innovators.” As the product gains 

acceptance, it is picked up by early adopters, then an early majority, a late majority, and 

near the end of the product’s life cycle, by a few “laggards” (Blank 2006). 

 

 

Figure 1: The product life cycle and adoption bell curve. Image Courtesy of 
http://www.beasuccessfulentrepreneur.com/product-lifecycle-do-you-know-where-your-business-is/ 

 

 Woodside (2000) notes that in a business context, a small subset of customers can 

be particularly important to a firm, and warrant a correspondingly intense level of research. 



 14 

In the context of new product development, it makes sense to initially focus not to the 

entire population, but on the innovators and early adopters (Blank 2006). Assuming that a 

product will not get widespread acceptance without its adoption by an early few, it makes 

sense to invest heavily in that early few rather than in the latecomers (Ibid). Especially in 

the case of a software product, which can be redesigned quickly and cheaply relative to 

most manufactured products (Callahan and Moretton 2001), ensuring that a new product 

initially reflects the needs of the few may be a key element of successful adoption strategy. 

Once the product gains initial acceptance, the need for redesign may be reduced, as later 

users adopt the product based not exclusively on the product’s features, but also on “social 

contagion,” (Manchanda et al 2008). 

Producer-supplier interactions have also been subject to scrutiny, as companies 

developing new products try to get the most out of their upstream relationships, as well. 

Hoegl and Wagner (2005) found that buyer-supplier collaboration tended to result in 

better adherence to schedule, cost, and product quality objectives. To get the most out of 

the relationship they concluded that the collaboration should be an interaction between 

equals, and the classic “customer is king” philosophy is counterproductive (Ibid). 

Cooperative product development can be viewed as an evolutionary process, in 

which the needs of users and clients are solicited early in the development process (Figure 

2). Before the developer’s resources are committed to a final version of the product, 

preliminary versions or product features are shared with clients and users. Feedback from 

these interactions is incorporated into the next iteration of the product, and the process is 

repeated (Fægri and Hanssen, 2007). Callahan and Moretton (1998) argue that this 

iterative process is especially useful for software development, which they describe as pure 

design, unhindered by the physical constraints of manufacturing. Eisenhardt and Tabrizi 

(1995) also state that in conditions of high market or technological uncertainty, an iterative 

design process that relies more on testing than on planning can significantly shorten 

development time, a key factor to product success. 
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Figure 2. Evolutionary developer-user cooperative product development.  

 

Cooperation is noted for making product development more efficient and agile by 

allowing multiple parties to benefit from each other’s specialties rather than having to 

make the long-term investment of developing intellectual and physical resources in-house 

(Girard et al. 2008).  In parallel to Starr and Vignaux’s (1997) comments on the cost-

effectiveness of cooperation between fishermen and scientists, Hamel et al. (1989) argue “It 

takes so much money to develop new products and to penetrate new markets that few 

companies can afford to go it alone.”  

On the other hand, cooperative development incurs costs of its own. Fægri and 

Hanssen (2007) point out that collaboration introduces fragility into the development 

process by demanding coordination between parties that may be difficult or impossible to 

enforce. Bruce et al. (1995) also conducted surveys and interviews of companies that had 

engaged in collaboration, and found that over half of respondents reported that 

collaboration generally made product development more costly, and that collaboration 

neither enhanced competitive benefits nor facilitated the incorporation of new technology 

in the product development process. As for the case of Chinese joint ventures, Western 
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companies have long complained about the theft of intellectual property by their domestic 

“partners” (Davies 2013). In 2007 the United States brought suit against China in the 

World Trade Organization for failing to protect foreign investors from industrial espionage 

(Ibid).  

Clearly cooperation is not a panacea in the product development world; in order to 

realize its potential it should be planned and executed with care. Bruce et al. (1995) suggest 

that to avoid some of the problems mentioned above, clear ground rules for cooperation 

should be established at the beginning of the product development process, parties should 

have a sense of mutual contribution and benefit, communication between parties should 

be frequent and regular, the project plan should feature clearly achievable milestones, and 

should have a “champion” who has both the drive and the authority to achieve project 

completion. Further, they suggest that personal chemistry plays a significant role in the 

success and failure of projects, meaning that selection of individual participants can be very 

important.  

Finally, Hoegle and Wagner (2005) agree with Bruce et al. (1995) in identifying 

mutual trust as another key component of successful cooperation. In the context of this 

project, for example, fishermen might have to be sure that shared knowledge of preferred 

fishing spots and strategies will not be used against them later in a regulatory context, or 

shared with their peers (and competitors). Scientists might want to be certain that the 

output of their models isn’t misused. However, in the context of the scientist-fisherman 

relationship, trust can be a scarce resource (Dobbs 2000). 

 

2.7 Challenges to cooperative development 

 

Unfortunately for those interested in cooperative ocean research, the relationship 

between fishermen and the scientific community is no stranger to conflict (Mabardy 2013). 

Fishermen report that the scientific community undervalues their extensive experiential 

knowledge of the ocean and doesn’t treat them as equals (Gilden 1999). They express 

skepticism of the validity of academic research and resentment of the role it plays in what 

they see as excessive or unreasonable fisheries regulation (Gilden and Smith 1996, Conway 
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and Gilden 2002, Dobbs 2000). Fishermen state that the assessments provided by the 

scientific community do not reflect the fishermen’s own observations, and are often 

presented in terms inaccessible to fishermen lacking a scientific background (Wendt and 

Starr 2009, Dobbs 2000). Finally, fishermen express hesitation to share sensitive 

information with the scientific community for fear of its potential to be used against the 

fishing community (Culver et al 2010). 

Scientists and managers, on the other hand, do report that a counter-impression 

exists within the scientific community of fishermen as uneducated, self-interested, and 

dismissive of environmental concerns (Conway and Pomeroy 2006). Harm and Sylvia 

(2001) note that scientists consistently rated fishermen as having a notably weaker 

conservation ethic than that prevalent in the scientific community. Dobbs (2000) and they 

both suggest that this may be the result of fundamentally different ways of understanding 

the ocean and fisheries, and that lack of agreement between these two views can result in 

mutual distrust. 

Development applies not only to products, but also to relationships (Dougherty 

1990). Since much of the conflict between fishermen and scientists seems to center around 

regulatory issues (Wendt and Starr 2009, Culver et al 2010, Harm and Sylvia 2001, Dobbs 

2000), a regulation-neutral environment (such as that provided by this project) may be a 

relatively safe place in which to develop not only a tool, but also a relationship. Each 

iteration of the development process should ideally provide an opportunity for participants 

to develop the tight, organic relationships identified by Dougherty (1990) as an element of 

product development success. In the long run, this process will hopefully build rapport 

between members of both communities that can contribute to positive interactions in 

other arenas. 
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2.8 Origin of this research project 

 

Even as NANOOS made its previously mentioned investments in the commercial 

fishing community, fishermen were exploring the applications of the NVS. Perhaps the 

best example of this might the case of Amigo Charters of Depoe Bay, OR, a recreational 

fishing enterprise. In addition to using NVS to access SST and surface current forecast 

fields, the fishermen of Amigo Charters produced a YouTube video tutorial to assist their 

peers in getting the most out of NVS (found at 

https://www.youtube.com/watch?v=SctTzbZ-1us).  

However, it was unknown how well NVS matched the needs the commercial 

fishing community. This study was therefore initiated to explore the potential utility of 

ocean forecast models (particularly SST and surface currents) for the commercial fishing 

community and the ability of the cooperative tool development process to realize that 

potential. Research revolved around questions such as, “How do fishermen and scientists 

make decisions?” “What motivates them to co-operate on research?” and “How best they 

can work together to design a tool that accurately reflects the needs of a new user group?” 

The results of this study and the cooperative design process it examines can make long-

term contributions to both academia and the quayside. 

Building on the evolutionary product development process described in earlier 

(Figure 2), this research project was envisioned as iterative in nature; the first step in a 

longer process of continually refining a tool for use by the fishermen. Feedback from the 

fishermen could then inform the development of the next version of the tool, allowing it to 

continually adapt to changes in science, technology, the marketplace, and the needs of the 

fishing community. The proposed development of the ocean condition forecasting tool is 

shown in Figure 3. 
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Figure 3. Development model for the ocean condition forecast tool.  

 

At the time of writing, the process had reached the fourth step. Upon adjustment 

of the current design, a small group of volunteer fishermen will be provided with access to 

the prototype of the new tool and asked to field test it. Their feedback will inform the 

design of the first publically available iteration of the tool. Once that is made available, the 

process repeats. 

It should be noted that this development model is intended to be a tool, not a 

straitjacket. Especially during the early, exploratory iterations, it is possible that participants 

will encounter challenges or make discoveries that result in significant changes in 

development strategy and the nature of the relationships between parties. One or more 

steps may be repeated multiple times before moving on to the next. Opportunities or 

information inputs may appear out of sequence. In exploratory situations with high 

uncertainty like this one, Eisenhardt and Tabrizi (1995) suggest that instead of adhering 

rigidly to a development plan, participants should maintain flexibility and an opportunistic 
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attitude. As participants develop intellectual and interpersonal capital, and as the new tool 

develops a track record, this project should move from an environment of uncertainty to 

one of relative certainty, streamlining the various steps and improving the speed, quality, 

and efficiency of the product development process (Ibid). However, even after this occurs, 

developments in technology, ocean conditions, and changes within or between the parties 

involved are likely to demand flexibility over the lifetime of the project. Those who 

continue to develop this ocean forecasting tool should take that into account. 
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CHAPTER 3 - METHODS 

 

 

“See yon rooks, how odd their flight! They imitate the gliding kite, 

And seem precipitate to fall, as if they felt the piercing ball. 

‘Twill surely rain, I see with sorrow. Our jaunt must be put off tomorrow.” 

 

3.1 Grounded theory methodology in this study 

 

This research began with a question of how new products can be cooperatively 

developed in a specific context, rather than with the positing of a testable hypothesis 

intended to produce generalizable results. Grounded theory research methods were 

selected, facilitating the development of themes from data, rather than use of data to test 

existing hypotheses (Auerbach and Silverstein 2003). This methodology is useful in 

situations where the researcher is faced with an unclear phenomenon and does not 

necessarily know what questions need to be asked in order to understand that 

phenomenon (Ibid). The grounded theory practice of “constant comparison” (simultaneous 

collection, coding, and analysis of data) permits the study to adapt itself to findings as it 

progresses (O’Reilly 2012).  

This study, for example, began with a tacit working assumption of fishermen as 

users and scientists as producers of a new ocean forecasting tool. However, while the 

scientists created the model outputs that would be used by the new ocean forecasting tool, 

they ultimately were not the ones who built the new tool’s prototype. Instead, an entirely 

new group of participants (undergraduate software developers) were introduced in the role 

of producers, and the scientists ultimately occupied the role of upstream suppliers. In 

keeping with Auerbach and Silverstein’s (2003) strategy of building research questions 

from observation, an entirely new line of inquiry with a new interview protocol (see 

Appendix I) was constructed ask questions of the software developers that the researcher 

had not suspected would be necessary at the initiation of this project.  
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3.2 Data gathering 

 

3.2.1 Participant selection 

Nine scientists who worked with NANOOS  and/or who had conducted co-

operative fisheries research were interviewed. Interviews were also conducted with all three 

members of the product development team. Twelve fishermen were interviewed, and ten 

fishermen participated in group meetings. Eight fishermen participated in both meetings 

and interviews. 

Interview participants from the fishing community were selected using a list of 

fishermen who had previously participated in the Scientists and Fishermen’s Exchange 

(SAFE, a series of regular meetings between Oregon fishermen and scientists). Fishermen 

were contacted by telephone or approached directly on the commercial fishing docks of 

Newport. Scientists were contacted by e-mail, and developers were asked for interviews 

during face-to-face encounters. 

Most of the fishermen interviews were made possible by snowball sampling. This 

technique relies on participants either directing the researcher to other likely participants, 

or actively introducing them and advocating on the researcher’s behalf (Noy 2007).  

Snowball sampling has strengths and weaknesses that must be taken into account 

when interpreting the results of this research. By relying on a few “gatekeepers” to provide 

access to a community of interest, a researcher’s sample may be skewed towards a 

representation of the gatekeepers’ social group. Preferential research among that group may 

actually drive other community members away from the researcher (Berg and Lune, 2012). 

Even if it does not, Weiss (Learning from Strangers, 1995, p. 29) points out that the 

technique’s reliance on social networks means that it will “always underrepresent those 

who have few social contacts,” and as a result, will “therefore underrepresent every belief 

and experience that is associated with having fewer social contacts.” Inductively building 

theory from such a sample means that results will be well-tailored to that sample, but may 

fail to be representative of the general populace. 

However, the purpose of this study is not to make generalizations about either 

fishermen or scientists, but rather to explore ways that these two communities can 
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cooperate on product design. Products are generally not intended to appeal to an entire 

population; rather, teams of interested and qualified individuals are selected to build tools 

for a similarly non-random subset of a given population (Blank 2006, Leahy 2013). In this 

case, the fishermen who were most willing to participate in the cooperative development 

process would be assumed to be the most willing to experiment with the new ocean 

condition forecasting tool that resulted therefrom. If the tool met with their approval, 

these fishermen would then act as product “ambassadors,” spreading use of the new tool 

through the informal social networks that constitute a fundamental element of 

communication in the fishing industry (Blank 2006, NRC 2004). The approval of the early 

adopters (see Figure 1) may eventually open the doors to larger segments of the commercial 

fishing population. Similarly, rejection of the new ocean condition forecasting tool by early 

adopters may constitute a significant hurdle to gaining widespread acceptance. In other 

words, this paradigm suggests that the new tool should not be built for the majority of 

fishermen, but rather be tailored to those most likely to adopt a new tool. Therefore, a 

requirement that the results of this research be applicable to the entirety of the commercial 

fishing and scientific communities may be seen as artificial.  

 

3.2.2 Interviews 

Semi-structured interviews are a classic research tool in the social sciences, and also 

enjoy popularity in the field of product development (Fægri and Hanssen 2007, Bruce et al. 

1995). Berg and Lune (2012) note that semi-structured interviews are particularly effective 

research tools when the researcher seeks to understand participants’ perceptions, or when 

the participant group may have customs, language, or basic assumptions differing from 

those of the researcher. As this research was focused on the process of cooperation between 

these two communities, it was important to develop an understanding of the communities’ 

perceptions and motivations – to understand not just what they did or wanted, but why. 

Interviews provided an opportunity to ask background questions and develop an 

understanding of both communities that might have been difficult to achieve through 

other techniques. During the course of research, an additional benefit was realized; when 
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problems arose, damage control was more feasible in one-on-one interviews than in a more 

public setting. 

Interviews typically lasted about an hour for fishermen, and a half-hour for 

scientists and product development team members. This reflects no deliberate policy of the 

interviewer, but rather the interviewee’s volubility and the natural flow of the interview. 

Interviews with scientists and product development team members took place in Corvallis 

and Portland, OR, and once over the telephone due to distance and scheduling 

constraints. Interviews with fishermen were all in person, and took place in Newport and 

Depoe Bay, OR. Some participants were interviewed twice, with a total of fifteen scientist 

interviews, thirteen fishermen interviews, and three developer interviews. The first 

interviews were conducted in August 2012, and the last in March 2014. Three different 

interview protocols were prepared for fishermen, academics, and product development 

team members, respectively (see Appendix I). During the course of the interview unscripted 

“probing” questions were often asked based on material that arose during discussion, in 

accordance with standard protocols for semi-structured interviews (Berg and Lune 2012). 

Time was budgeted for participants to discuss issues of particular interest to them, or to 

bring up topics of their own. This encouraged participants to take an active role in the 

interview and provide information that the researcher may not have known to look for. 

Participants were not compensated for their time. 

Early interviews with academics were recorded only with notepads, limiting the 

ability to record participant’s exact words. Later, the use of an audio recording device 

enabled verbatim transcription, as well as allowing interviews to proceed in a more natural, 

conversational manner. All interviews with members of the fishing community and with 

product development team members were audio recorded.  

 

3.2.3 Group meetings 

Three group meetings with fishermen and scientists were also conducted to critique 

themes derived from interviews and to seek new data. The use of group meetings is an 

established part of both qualitative research and product development (Leahy 2013). 

Group meetings are used to gather large amounts of information quickly, as well as to 
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confirm information from other sources in a process called “triangulation,” as well as to 

examine group dynamics (Berg and Lune 2012).  

Fishermen who had participated in interviews were personally invited to attend the 

meetings, as well as to invite their peers. Fliers were also placed around the Newport 

waterfront, advertising the time, place, and purpose of the first meeting (see Appendix II). 

Most group meeting participants were fishermen who had already interviewed or were 

invited by those who had. Attending scientists were personally invited by the researcher to 

attend the first two meetings (though not the last, as the last meeting was intended only to 

collect feedback on the prototype of the ocean condition forecasting tool). As the 

development team had not been recruited at the time of the first meeting, they were only 

invited to attend the last two meetings. As with the individual interviews, participants were 

not compensated for their time. 

Group meetings took place in a meeting room at Englund Marine Supply in 

Newport, OR. They officially lasted one hour, although some participants remained in the 

meeting room afterwards, continuing to discuss matters relevant to the research. Like the 

interviews, the meetings were semi-structured, employing a short list of topics to be covered 

during the meeting (protocol for group meetings is found in Appendix I), but retaining 

flexibility to encourage the free flow of ideas. During the first two meetings, a projector was 

employed to display NVS or whatever other relevant material (mostly other online ocean 

forecasting tools) participants wished to discuss. Screenshots of various NVS overlays were 

made into posters and placed on the walls of the room to act as potential discussion points. 

The first two meetings were also attended by a NANOOS scientist, who answered 

fishermen’s questions regarding NVS. 

The purpose of the first group meeting was to introduce the research project and 

NVS, and to gather information about the ways fishermen use ocean condition 

information. This meeting was moderated by an experienced social scientist, in keeping 

with the recommendations of Berg and Lune (2012), and the researcher confined himself 

to making observations and asking the occasional probing question. Also in keeping with 

Berg and Lune’s (2012) recommendations, the protocol for this meeting was restricted to 
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only a few questions of a general nature, designed to stimulate discussion rather than to 

mine the group for specific information.  

The second meeting differed from the first meeting in that in addition to discussing 

features of NVS and other ocean information sources, the researcher also presented 

findings from the research to date for confirmation or correction. Bloor (1997) calls this 

practice of inviting research participants to critique findings “member validation.” While 

Bloor cautions that member validation can be very context-dependent (members may 

respond more to how a researcher presents findings than to what those findings are, or 

members may change their minds in the interim between an interview and the 

presentation of findings), the practice is appropriate to this project. Firstly, the original 

interviews themselves were highly context-dependent, reflecting not simply objective facts 

about the fishermen, but the nature of the interaction between fisherman, researcher, and 

contextual variables that neither participants may even have been aware of (Talja 1999). 

While the context-dependent nature of interviews and member validation does introduce 

complexity to analysis, it may also be a source of insight, in itself (Ibid). The iterative nature 

of this project, if continued, will permit an opportunity for just such rich analysis. 

Repeated interviews and meetings allow a researcher to document how participants’ 

discourses change over time, from one context to another, as the project advances and the 

forecasting tool develops.  

As importantly, however, this is cooperative research, one of the goals of which is to 

develop an atmosphere of mutual respect and trust. Acknowledging the fishermen to be 

the resident authorities on their own life experiences and needs, and asking them for their 

input on the research findings that guide the development of the prototype are a 

fundamental part of developing that trust. The participants in this project are not merely a 

data source to be mined; they are partners in research, and their critique is valuable. 

The focus of the third meeting was also an exercise in member validation. At this 

meeting, the prototype created by the development team members from findings from the 

research to date was presented to a group of three fishermen. The fishermen explored the 

prototype, asked questions about it, and critiqued it and the plans the development team 

had for the prototype’s future development. 
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3.3 Analysis 

 

Transcripts and notes from interviews were transcribed and coded in Corvallis, OR 

using NVivo™ qualitative analysis software developed by QSR International. Qualitative 

analysis software such as NVivo is described by Berg and Lune (2012) as a “conceptual 

network builder” which facilitates traditional coding methods by allowing a researcher to 

quickly and easily rearrange data for convenient coding. The researcher can assign research 

material (in this case, parts of transcripts of meetings and interviews) to “nodes,” and can 

graphically display connections between nodes as part of the analysis.  

Transcripts were first divided into categories of “fishermen,” “scientists,” and 

“product development team members” reflecting the different interview protocols used 

with each group. Once transcribed and separated, content was coded using “conventional 

content analysis” as described by Berg and Lune (2012). Coding categories were derived 

directly and inductively from the transcript content (Berg and Lune 2012). As categories 

(each of which were assigned to NVivo nodes) multiplied, the contents of some were 

grouped into subcategories (with corresponding sub-nodes). For example, references to 

tuna, salmon, and other species targeted by fishermen were quickly grouped into the 

category “Fish,” although references to each of these types of prey differed enough in 

content that each type of fish was further classified into its own subcategory (“Tuna,” 

“Salmon,” etc.). Individual references that fell into more than one category were coded as 

such, and assigned to multiple nodes. To illustrate, a reference to using SST to find salmon 

was coded under both the headings of “salmon” and “SST,” and could be found in both 

nodes. 

 The development of the hierarchy of categories and sub-categories formed a 

starting point for uncovering themes in the material. Berg and Lune (2012) consider 

themes to be the most generally useful units of analysis in grounded theory research, and 

define them as sentences, in their simplest form. In keeping with the SST and salmon 

example, the theme induced from the analysis of fisherman-supplied material that 

referenced both subjects was “how does SST fit into salmon fishermen’s strategies?” 
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References united by category were compared, and common themes identified. 

Themes shared between categories and sub-categories were also identified through this 

comparative manner. For example, having coded one reference under the headings of both 

“tuna” and “SST,” a search was then made for other references that shared both categories. 

All such references were compared to see if the nature of participants’ statements regarding 

tuna and SST were consistent. When it became clear that participants were regularly 

indicating that tuna fishermen associated tuna with sharp changes in SST over distance, 

this was labeled as a theme. Note was taken of themes that were shared between 

individuals, and to themes that either delineated or united groups of individuals (such as 

crabbers’ interest in knowledge about bathymetric conditions).  

Finally, themes were evaluated by searching the material for “negative cases” that 

ran counter to the theme under evaluation (Berg and Lune 2012). In the event that no 

negative cases could be found (no tuna fishermen, for example, said that tuna were not 

associated with sharp changes in SST), the theme was considered to be robust. Where 

negative cases did exist (fishermen showed varying levels of willingness to pay for access to 

ocean condition forecasts, for example), the theme was considered to be less robust. 

However, a theme that did not prove to be robust did not necessarily lack importance – 

diversity of responses on the price issue, for example, might simply be indicative of distinct 

sub-communities within the fishing community that future research might benefit from 

taking into account. 

 

3.4 Prototype design 

 

The summer of 2013 was devoted to the researcher’s self-education in the 

programming necessary to construct a non-functioning example of a new ocean forecasting 

tool. However, it was eventually decided that it would be more effective to use existing 

student expertise in OSU’s computer science department to build a functioning prototype 

as a proof-of-concept. This permitted the development of a more advanced prototype and 

freed the researcher to conduct primary research activities such as interviews, group 

meetings, coding, and analysis. 
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A team of three senior computer science undergraduate students was recruited into 

a product development team that built a prototype ocean condition forecasting tool. 

Construction of this prototype served as the students’ “capstone project,” a major 

requirement for graduation. The students worked on this together for the entirety of the 

2013-2014 academic year. While the research might still have produced useful findings in 

the absence of a prototype ocean condition forecasting tool, the act of producing the 

prototype provided an opportunity to gather data on the production process and the 

experiences of the various participants. 

Consultation with NANOOS scientists indicated that the construction of a stand-

alone prototype would encounter fewer bureaucratic hurdles than attempting to 

incorporate the results of this research directly into NVS, while leaving NANOOS the 

option of adopting elements of the research at a later point. Therefore, the team agreed to 

construct a website that would rely on information from some of the same models as NVS, 

but would function as a stand-alone product. 

Themes from research were presented to the production team. The team then 

explored how best to meet the needs of the user group within the bounds of available 

resources and expertise. The team collaborated with the researcher to set priorities and a 

production schedule for the product, to gain access to necessary resources and personnel, 

and to ensure that the project proceeded according to plan. One member of the team was 

also present at the second and third group meetings in Newport, taking the opportunity to 

interact directly with the users, answer questions about production, and learn about the 

fishermen’s needs and wants. Data was gathered from the product development team in 

the form of weekly communications, meetings between the researcher and team, and the 

semi-structured interviews previously mentioned. 
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CHAPTER 4 - RESULTS AND DISCUSSION 

 

 

“Evening fogs will not burn soon, 

Morning fog will burn ‘fore noon” 

 

4.1 Scientist themes 

 

4.1.1 Goals of NANOOS 

 Participating NANOOS scientists described NANOOS as an organization that tries 

to share information not only within the scientific community, but with the larger 

community of ocean users, and described NVS as a tool designed to achieve that aim. This 

is consistent with NANOOS documentation (Risien et al 2009, Mayorga et al 2010, Martin 

et al 2011, Newton et al 2012), which notes applications of NVS in fisheries, aquaculture, 

and coastal hazard management. As one scientist said, “our scientific data has use to the 

general public in lots of different ways. So trying to make that connection is where NVS 

came from.” While not all scientists said that they had much interaction with non-

academic ocean users in the context of the NVS, all expressed approval of the idea that 

ocean condition models be employed by a variety of ocean users. 

 NANOOS was described as having a twin set of goals – research and application. 

Rather than see these as competing interests, however, they can be viewed as 

complementary, with research informing application and application enriching research. 

Some participating NANOOS scientists, however, noted that the organization has not 

always received all the funding that it has expected, and as a result has had to make 

strategic decisions and be “entrepreneurial” in the opportunities it chooses to take. Thus, 

while a project that seeks to find new applications for ocean condition models currently 

used by NVS might reasonably hope to receive goodwill from members of the organization, 

financial support might be less forthcoming. 
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4.1.2 Motivation: Application 

 Scientists interviewed expressed enthusiasm for the idea that their research could 

be used to benefit members of the fishing community, even those scientists who had 

relatively little direct interaction with that community. While not all scientists interviewed 

expressed enthusiasm for direct interaction, they did express approval of the idea that their 

work could have beneficial applications outside academia. One scientist said,  

 

“… as scientists you’re trying to understand systems and conditions and things like that but 
you also need to motivate why your research is important just beyond the basic understanding. You 
want people to use the research that you’re doing.”  

 

These responses were consistent with Hackman and Oldham’s (1980) “job 

characteristics” model of motivation, which posits that one of the motivations for work is 

the ability to see the impact of one’s work in the larger world. Scientists listed a variety of 

impacts, many of which were non-academic, that lent value to their work with NVS. They 

noted the potential of their models to assist commercial and recreational fishermen, to 

benefit aquaculturalists in Oregon’s shellfish industry, to improve the ability of the Coast 

Guard to locate sailors in distress, and to improve emergency preparedness and responses 

for coastal communities. 

Enthusiasm in the scientific community for the idea that research has applications 

for a wide variety of users is consistent with Risien et al (2009), Mayorga et al (2010), 

Martin et al (2011), and Newton et al (2012). When recruiting scientists to act as suppliers 

and advisors to the product development process, it would be wise to highlight the 

practical applications of the development process. Scientists should be informed of the 

potential for their work to benefit others, and be provided with examples of others’ work 

that has already done so. It may be possible to convince scientists who have previously 

participated in the development process to act as “gatekeepers,” introducing the researcher 

to other likely participants in the scientific community and advocating for new scientists to 

join in the process, as well. 
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4.1.3  Concerns of misuse 

Scientists expressed concern for how their research might be represented or used by 

a new ocean condition forecasting tool that employed their models. Prior to giving 

permission for the development team to incorporate model output into the prototype, 

scientists asked for information about how the model output would be represented, and 

asked to review and approve the representation before its presentation to the user group. 

One scientist asked for a disclaimer to be included as a condition of allowing model output 

to be used in this project, citing concerns that fishermen might use the forecasts provided 

by the model to make decisions that would affect their safety.  

To protect and respect participating scientists, model output should only be 

included with the explicit approval of the scientist/s responsible for that model. This is 

consistent with Bruce et al’s (2005) findings regarding the importance of trust in 

cooperative ventures, and with Hoegle and Wagner’s (2005) findings that buyer-supplier 

collaboration in product development worked best when both parties involved were treated 

as equals. It is possible that consideration and respect for suppliers may play an even more 

important role in this instance than in Hoegle and Wagner’s study, as in this case the 

scientists are supplying their model output for no financial compensation (Hoegle and 

Wagner, by contrast, studied commercial collaborations in which suppliers were financially 

compensated by their buyers). Lacking the ability to provide scientists with financial 

compensation for the risk that their model output might be misused in important financial 

or safety decisions, it is arguably even more important to establish and scrupulously adhere 

to rules that protect and respect participating scientists.  

Researchers should make sure that scientists are fully informed about the purpose 

of the prototype as a whole and the proposed role of their model output in the prototype. 

Scientists should review the presentation of their model output prior to its presentation to 

the public, and be allowed to request changes or withdraw their model output if they 

desire. Special requests, such as for the disclaimer mentioned earlier, should be respected, 

and an inability or unwillingness to meet such requests should be considered grounds for 

non-inclusion of the model output. Before the model output is made available to the 

public through the prototype, the project manager and scientist/s should compose and sign 
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a mutually agreeable memorandum of understanding regarding the terms of use of the 

model output. Any proposed changes to the presentation of the model output after it has 

been made public should be approved by the responsible scientist/s (with corresponding 

changes to the memorandum of understanding, if necessary). Likewise, the manager should 

maintain regular communication with the scientist/s to ensure that developers remain up-

to-date with changes in the model that might affect presentation of model output by the 

developers. 

Regardless of whether or not they engage in direct interaction with the fishing 

community, scientists have a powerful role to play in the design process. A violation of 

their trust, however inadvertent, could have effects on the project every bit as crippling as a 

violation of trust with the fishing community. This study recommends that future 

researchers seeking to recruit scientists to act as suppliers emphasize the positive impacts of 

scientists’ contributions and provide (and deliver on) assurances of respect for the 

scientists’ work. 

 
4.2 Fishermen’s themes 

 
4.2.1 Motivation: Personal and community advantage 

 Fishermen expressed a variety of motivations for participating in the cooperative 

product development process. The most obvious motivator was self-interest - fishermen 

made repeated references to how they used ocean information to benefit themselves, and 

readily acknowledged their peers as competitors. Fishermen reported developing codes 

with which to communicate confidential information over the radio (though that practice 

seems to have fallen off with the ubiquity of secure cell-phone communication).  In the 

words of one fisherman, "Ninety percent of them [other fishermen] won't tell you the truth. 

That's just the nature of the business." Fishermen also reported engaging in maneuvers 

specifically intended to mislead their fellow fishermen into bad fishing conditions while 

they fished good conditions in secret. 

 

 "The word gets out that I’m hammering fish in this one spot, here comes the fleet, and I’ll 
come down to another spot where I know there’s fish, but not as many, and I go there, then I’ll sneak 
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off and go fish up in my better spot. You divert them away, you trick them, and I’ve done that many 
times." 
 

 In addition to misleading their peers at sea, fishermen also reported aggressively 

taking advantage of intelligence to increase their catch - even at the expense of other 

fishermen. News of a fisherman doing very well, especially if he's not considered to be  

particularly skillful, can draw other fishermen who seek to benefit from the good 

conditions. 

 

 "… you hear someone else doing three hundred [fish], and you say, 'Well, his boat doesn’t 
catch very well. And he’s a moron.' I’m apt to go to the guy … I can outfish…" 
 

 It's a practice that doesn't just improve the fishing for the newcomer, but 

disadvantages the fisherman already on the scene. 

 

 "… you don’t want to have the whole fleet come up there, because your catch rate will drop by 
fifty percent. Too many boats. Too much activity, too much electricity in the water. You always do 
better when you locate fish by yourself." 
 

 These findings agree with those of Gilden and Conway (2002), who found stiff 

competition between both individual fishermen and between groups of fishermen. Given 

the willingness of fishermen to "game" each other on the ocean, it seems possible that a 

new ocean forecasting tool could be used to improve a fisherman's edge over his peers. The 

idea of having early access to a better ocean forecasting tool could be a powerful motivator 

for fishermen to participate in the cooperative development process.  

 However, fishermen also expressed an urge to benefit the fishing community at 

large. At the second group meeting, several fishermen suggested that members of the 

fishing community not represented in this study (shrimpers and mid-sized boat owners, in 

particular) be consulted about their ocean forecasting needs. Suggestions that this tool 

should meet the needs of all fishermen rather than just those participating in the project 

were also made during interviews. Although fishermen readily acknowledged the role of 

their peers as competitors, they also considered those competitors to be part of a larger 
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fishing community that had to stand together in the face of regulatory and market 

challenges. In the words of one fisherman, 

 

 "I’m a 3rd generation fisherman, so I’m proud of my heritage and history and try to do 
anything and everything I can to promote the industry." 
 

 Statements like this agree with the evidence provided by Gilden (1999) of frequent 

cooperative actions within the industry taken for the collective benefit. Gilden identifies 

no less than fifteen formal associations of fishermen that are active in a variety of ways on a 

variety of stages to promote the interests of the fishing community (or parts of the fishing 

community). To this should be added the Oregon Fishermen's Cable Committee, and an 

uncounted number of informal associations, or groups of fishermen who collectively share 

intelligence or fish together. As one fisherman said, 

 

 "You have your little buddies, you know, and you can talk to fish buyers. I mean, there’s a 
whole underground network of… people you know and trust that don't burn ya. There's a whole trust 
thing, running partners." 
 

 These networks, both formal and informal, suggest that fishermen may also be 

motivated to participate in cooperative product development for the betterment of their 

peers, and of the industry in general. Dobbs (2000) notes the pride that fishermen take in 

their industry and the fishing culture, and the willingness of fishermen to invest time and 

energy not just in protecting their own interests, but the interests of their community.  

 When seeking to recruit and retain the participation of fishermen, therefore, a 

researcher should try to highlight the benefits of the project to both the individual and the 

community. One way to do this might be to arrange the project so that participating 

fishermen get early access to new product features. This could benefit the participating 

fishermen by giving them access to features denied the general populace. However, the 

imperative of helping the larger fishing community would also be satisfied, as the feedback 

they provide on new features would permit the refinement of the tool by developers, and 

ensure that a better product would ultimately be released to the general populace. 



 36 

 When persuading fishermen to participate in the project, a researcher should 

remain aware of both the importance of informal social networks within the community, 

and the occasionally difficult relationship between the fishing community and the scientific 

community that the researcher represents. Package's (2009) research strategy of relying on 

local community members to elicit participation, rather than eliciting participation directly, 

may prove useful. Relying on “gatekeepers” is a standard research strategy in social science 

(Berg and Lune 2012), and likely has potential for product development in this setting, as 

well. Though a researcher may gradually develop a reputation and network of his/her own, 

recruiting through established community members may prove the most efficient way of 

encouraging participation. 

 Given the importance of informal social networks demonstrated in interviews and 

evident in literature (Dobbs 2000, Conway et al 2002, Gilden and Conway 2002, NRC 

2004, Package 2009), future researchers may benefit from continuing to invest in face-to-

face interviews and interactions. Distance interviews using telephones or the internet may 

be convenient and in some cases necessary, such as when interviewing fishermen in more 

distant communities than Newport, or ones with particularly inconvenient schedules. 

However, Berg and Lune (2012, p.131) note that such methods deny both participants in 

an interview access to “full channels of communication,” in terms of visual cues.  

These “full channels of communication” may have enhanced the ability of the 

researcher not only to probe for information, but also to develop rapport with fishermen, 

enhancing their enthusiasm for participating in the project and for advocating on behalf of 

the researcher to other fishermen. Informal conversation before and after official 

interviews, as well as short digressions during interviews allowed the researcher to get to 

know the fishermen personally. Often these informal interactions would have been 

impossible or at least difficult in any medium other than face-to-face interaction. These 

consisted of meeting members of the fishermen’s family, discussing the contents of a 

fisherman’s bookshelf, or making observations about boats seen on Newport’s working 

waterfront. On multiple occasions fishermen expressed appreciation for the researcher’s 

being willing to drive out to Newport to meet with them. Fishermen reported having 

enjoyed the interviews, and made multiple references to their personal relationship with 
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the researcher as an element of their participation in this study.  

For these reasons, future researchers should strongly consider in-person interviews 

and other face-to-face interactions as a part of this continuing study. Especially as direct 

interactions between fishermen, scientists, and developers has been minimal in this project 

thus far, researchers’ roles in initiating and maintaining participation in this study may be 

very important. As the study continues and participants from different communities find 

more opportunities for direct interaction, researchers’ roles may change, becoming more 

about managing communication among participants than acting as the face of the study.  

In that event, the personal chemistry recognized by Bruce et al (2005) as being important to 

the cooperative process may become less a function of the researchers’ interactions with 

participants, and more a function of the participants’ interactions with each other. Given 

the fishermen’s statements during this study, however, researchers are likely to always 

benefit from face-to-face, informal interaction in the fishing community, and should make 

sure to include it as a regular part of the research process. 

 

4.2.2 Waves and weather 

Fishermen frequently attached importance to accurate predictions of waves and 

weather, which was unsurprising given their impact on fishing safety as reported by the 

Centers for Disease Control (2008) and the National Institute for Occupational Safety and 

Health (2010). Fishermen said that they make decisions about safety based on observable 

conditions and the capabilities of their boats and crew, and that these concerns generally 

override any others. Fishermen expressed more concern about wind and waves when 

entering or leaving a harbor than when at sea, and considered high resolution and accuracy 

near harbor entrances to be particularly important.  

Some fishermen reported using high-resolution forecasts at sea to maneuver around 

bad weather when their peers retreated from the sea. One fisherman claimed that the tactic 

of fishing while others were in port provided a competitive advantage, and that it saved 

money on fuel that would otherwise have been spent on trips into and out of port. 

It should therefore be a priority to include forecasts of waves and weather in the 

new ocean condition forecasting tool. WAVEWATCH III (García -Medina et al 2013), a 
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model which forecasts wave activity close to shore with high resolution, might be 

particularly well suited to fishermen’s harbor safety concerns. At the time of writing 

permission to use output from this model has been negotiated, though it has not yet been 

incorporated into the prototype ocean condition forecasting tool. An overlay using model 

output from the North American Mesoscale (NAM) model also has the potential to 

provide valuable wind information to fishermen. Participating fishermen approved of the 

overlays in which output from both models were depicted in NVS, suggesting that their 

depictions in the prototype should follow similar lines. 

Fishermen expressed interest in paired wave forecasts - one that would forecast 

general wave height in the manner of the WAVEWATCH III overlay in NVS, and another 

that would forecast the height of only the most extreme waves. Fishermen said that the 

most extreme waves tend to have a disproportionate impact on vessel safety relative to the 

average wave, and that being able to compare the two would improve fishermen’s ability to 

make important safety decisions. Fishermen’s suggestions regarding which waves should be 

included in this possible second overlay varied from the top five percent to the top ten 

percent of forecast waves.    

Fishermen also expressed interest in the interaction between wave height and wave 

period, being particularly concerned about occasions when the two were “square,” or more 

than square. This meant occasions when the wave height measured in feet matched or 

exceeded the wave period measured in seconds. “15 feet at 15 seconds is not good,” said 

one of the participants. It might therefore be valuable to include a function in the ocean 

condition forecasting tool that draws users’ attention to times and places when wave height 

in feet equals or exceeds wave period in seconds. 

 

4.2.3 Real-time data versus models 

Participating fishermen made repeated references to the way they interpreted 

currently available forecasts and weighted them against what they often referred to as “real-

time” data. In this context, “real-time” data does not refer to the near real-time “nowcasts” 

mentioned earlier in this document. Instead, fishermen often used the term to mean 

measurements of ocean variables taken directly from remote sensing assets (buoys or 
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satellite images, for example) rather than those generated by a model. In many cases, this 

data might be up to several days old, but was still generally referred to as “real-time.” 

Fishermen said that they used this data both to check the accuracy of existing forecasts and 

to make their own predictions about how ocean conditions were likely to change.  

When introduced to the “real time” data sources available on NVS, fishermen’s 

responses were generally favorable. Fishermen expressed approval of the ability to look at 

readings from sources like buoys, and compare them with model output over the recent 

past to get a clear idea of how well the model matched actual conditions.  

Given this, the product development team decided that “real time” data similar to 

that provided by NVS would be a valuable feature to include in the tool. In the context of 

designing the prototype, the product development team relied on the same definition of 

“real time” as that used by the fishermen (rather than terms used in NANOOS literature, 

which are more closely associated with the actual time that a given observation was made 

[Mayorga et al 2010]). 

The product development team ultimately did not have enough time to incorporate 

“real-time” data, but based on the findings this study recommends that the new ocean 

condition forecasting tool permit users to look at actual readings of ocean conditions and 

compare them to model output. Care should be exercised when doing this, however, to 

avoid cluttering the ocean condition forecasting tool’s display, as well as to clearly 

communicate to the user that they are looking at “real time” information rather than a 

forecast. 

 
4.2.4 Price  

There were almost as many ocean condition information products mentioned in 

the course of the interviews as there were fishermen. While price was a factor in the 

selection of a product, different fishermen accorded it different levels of importance. 

At one end of the scale was a participant who used a forecasting product called Sea 

View, costing $368 per month. “Although it’s pricy,” he said, “it’s the best product 

available. Now, those of us who take our business seriously get the best product available.” 

Other commercial products that charge fishermen for information include Buoy Weather 
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and Terrafin, the latter being particularly well-known. A review of online ocean 

information sources used by participating fishermen may be found in Appendix III. 

 Other participants, however, opted to rely only on free information sources. Magic 

Seaweed is an ad-supported site originally designed for the surfing community that has 

been used in nearshore conditions by crabbers. NOAA weather bulletins are also popular 

sources of information, though criticized for their low resolution and (in the case of 

NOAA radio) the hassle of having to listen to a great deal of irrelevant data in order to get 

information that applied to a listener’s time, place, and activity. Still, despite the occasional 

shortcomings attributed to free products, a subset of participants expressed a decided 

preference for them. In the words of one fisherman, “I don’t want to pay for anything.” 

This raises a conundrum not in the design of a tool, but in its implementation. 

Currently NVS is presented gratis to the public, and the prototype of the tool currently 

under production is likewise envisioned as being free. However, as previously mentioned, 

cooperative research can be costly, particularly as the number of participants expands 

(Bruce et al 1995). In addition, the cost of design and computing resources will also place 

demands on the continuing project. There is currently no clearly defined sponsor for the 

prototype’s next iteration, and it is possible that none may be forthcoming, in which case 

the prototype’s proponents may have to consider other sources of funding, including 

earned income. 

Charging for the use of the product, however, raises other concerns, not least of 

which is the question of whether fishermen can be convinced to pay money to use a 

product that, in its first few iterations, at least, may have limited appeal compared to 

established products in the market. Charging for access would also discourage that segment 

of the fishing community that relies solely on free forecasting tools. A product that earned 

income using models designed by OSU professors might be in a position of having to 

provide compensation for that use, thus increasing the costs more. A researcher 

considering earned income should also look into the possible legal ramifications of an 

OSU project earning income and whether or how that would be possible. 

 It may also be worthwhile to explore the possibility of user ownership. Under this 

model, fishermen rather than the University might own an interest in the new tool, rather 
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in the manner of shareholders in a privately held company or members of a cooperative. By 

supporting the project financially the fishermen could both insulate the project from the 

vicissitudes of competing for grants and gain a greater level of control over the final 

product. Scientists would, as now, act as suppliers, but the fishermen would pay for the 

development and associated costs of the project, making collective decisions about which 

developments they chose to support, and which not. By transferring ownership of the 

ocean condition forecasting tool to a non-University body, the possible legal complications 

of relying on earned income to support the project might also be simplified. 

 The demonstrated willingness of many fishermen pay for subscription sites suggests 

that this ownership model may not be a financial impossibility for the fishing community. 

At the same time, the small-scale, cooperative nature of this process would give Oregon 

fishermen an opportunity to tailor the tool to their specific needs and to make adjustments 

and developments with a nimbleness that larger organizations like Terrafin might not be 

able to match. 

 A major concern with the “fishermen as owners” model, however, would be 

administration. Bruce et al (2005) note that in order to succeed, cooperative projects need 

“champions” with the drive and ability to make sure that development continues. Such a 

person may or may not be a fisherman. The necessary skill set might be found among the 

Fishermen’s Wives association, in Oregon Sea Grant, at OSU, or somewhere else. 

However, as the project already has champions in OSU, ownership of the tool should 

remain there for the foreseeable future. An alternate ownership structure might be a 

worthwhile long-term option to explore at a later date. 

 

4.2.5 Units of navigation and measurement  

Another theme that arose in both interviews and group meetings was the ability of 

fishermen to easily locate forecasted phenomena in the ocean. Accurate representations of 

location enable fishermen to plan trips, deploy gear with precision, and maneuver around 

foul weather rather than be driven back to shore. Location displays came up both in critical 

review of NVS’s location-display capabilities, and in praise of other products (Ocean View, 

in particular).  
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Two generally agreed-on problems were the difficulty fishermen had finding the 

latitude and longitude display of the mouse icon on overlays in NVS, and the units used in 

that display. In contrast to NVS’s default display of decimal-degrees, participants expressed 

a preference for degrees-minutes-seconds, or degrees-minutes-decimal-seconds. Participants 

also expressed frustration with metric units of measurement, preferring to operate with 

units such as miles, fathoms, etc. Although NVS permits users to adjust navigational 

displays and units of measurement, this was not apparent to most fishermen upon 

introduction to NVS. One participant stressed the importance of using bathymetry as a 

navigational aid, asserting that for some fishermen bathymetry was more useful than even 

latitude and longitude.  

The product development team responded to this concern by incorporating the 

bathymetry display from Google Earth into the prototype, introducing a grid overlay for 

latitude and longitude (in degrees-minutes-seconds), and displaying the latitude and 

longitude of the mouse icon prominently on the prototype’s display. 

Future versions of the ocean forecasting tool should always check to make sure that 

units of navigation and measurement are consistent with those commonly used by the 

majority commercial fisherman. As participating fishermen indicated that there most 

fishermen tend to use the same units, we may hypothesize that a single default setting for 

most ocean condition forecasts can prove consistent with usage by the majority of 

commercial fisherman. Future versions may provide customizable options that can 

accommodate fishermen who don’t use the same units as the majority. 

 

4.2.6 Sea surface temperature (SST) 

 “Sea temperature is huge,” said one fisherman, “and that’s one thing 99.8% of the 

fleet would use.” Tuna, salmon, and swordfish fishermen in particular all expressed interest 

SST as an indicator of the presence of their target species. This interest was confirmed by 

the popularity of the firm Terrafin’s SST visualizations in the Oregon commercial fishing 

community. These findings are consistent with Alverson’s (1961) and Keene’s (1974) 

findings regarding tactics in the northeast Pacific tuna fishery. Both researchers identified 

the low 60’s Fahrenheit (F) as the optimal SST in which to seek tuna, with Alverson 
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considering 58˚ F to be the temperature below which tuna fishing success began to drop 

significantly. Four decades later, that finding seems to have held true, as one fisherman 

summed up his SST strategy by saying,  “for salmon you want low 50’s and tuna you’re 

looking for low 60’s.” 1 Another fisherman articulated his salmon strategy with even more 

specificity, stating that the upper and lower limits of salmon fishing waters were 49 ½˚ F 

and 59˚ F, respectively. Regarding swordfish, fishermen’s reports agreed with Damalas et 

al’s (2007) findings regarding fishing success in the Mediterranean swordfish fishery, and 

Hazin and Erzini’s (2008) findings in the South Atlantic, in associating swordfish with SST 

conditions. 

Fishermen stated that sharp SST gradients were favorable conditions for finding 

salmon, tuna, and swordfish, as these gradients denoted favorable feeding conditions. They 

referred to SST gradients as “breaks,” sometimes referencing “hard” breaks and “soft” 

breaks. Hard breaks were described as particularly dramatic changes in SST over distance, 

such as “if you lost that degree in ½ mile, well, that’d be a hard break” and soft breaks were 

more gradual, an example being “a degree … over a couple of miles.” Hard breaks were 

considered to be better fishing conditions. An ocean forecasting tool attempting to 

represent SST forecasts useful to fishermen might benefit by highlighting or otherwise 

drawing the users’ attention to hard breaks when these are forecast.  

Fishermen noted that different types of fish demanded different levels of SST 

resolution for knowledge of SST to be useful. Salmon were the least demanding in this 

respect; fishermen suggested that this might be because salmon school deep enough under 

the surface that SST is not as accurate an indicator of water temperature for their 

environment as it was for shallower species like tuna and swordfish. Tuna fishermen 

looked for a higher level of spatial and temperature resolution in their SST information 

sources. They reported seeking SST breaks as sharp as ½˚ F in forty feet, although they 

said that they did not use ocean condition forecasting tools or satellite imagery to find such 

sharp gradients directly. Instead, forecasts and imagery were used to select areas of the 

ocean likely to contain hard breaks; once in his chosen area, a fisherman would then rely 

                                                
1 Temperatures are given in degrees Fahrenheit, which fishermen preferred to Celsius. 
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on his ship’s thermometers and on direct observation of ocean conditions such as water 

color and seabird activity to locate hard breaks. When asked, fishermen suggested that 

forecasts with resolutions as fine as a change of 1˚ F in one mile would be desirable, 

though they reported regularly using SST satellite imagery with lower resolution (for 

example, a change of 1˚F in two miles was also considered useful). 

Fishermen expressed mixed opinions regarding the range of SST represented on 

the temperature key that accompanies SST overlays in NVS, Terrafin, and similar services. 

One fishermen expressed distrust in temperature keys that did not display the full range of 

temperatures he had seen at sea. A key that encompassed the entire range of year-round 

SST, however, could do so at the cost of resolution in its associated overlay. During winter, 

for example, the relatively narrow SST range of the ocean might not be able to take 

advantage of colors in the “warm” end of the key. The limited color palette resulting from 

this could make SST overlays harder to interpret.  

Terrafin addresses this problem by adjusting their key to match the highest and 

lowest temperatures present in each of their overlays, allowing a full spectrum of colors to 

be used in each display. That means that the temperatures represented by their key 

regularly change, often leaving out the highest or lowest temperatures that fishermen 

observe at sea over the course of a year. Terrafin’s commercial success and popularity 

among participating fishermen suggests that many fishermen may be comfortable with a 

SST key that leaves out some of the possible temperature range in order to display actual 

SST with finer resolution.  

An alternate design solution might be to develop a “sliding scale” key. This key 

would always show the full range of temperatures, but apply colors only to the 

temperatures actually depicted in the overlay. Temperatures higher or lower than that 

range would simply be represented by grey on the key. As temperatures change from 

forecast to forecast, the colored part of the key would slide up and down the key, and 

expand and contract as necessary. This would allow the overlay to make full use of the 

available color spectrum to display fine resolution SST, but still make it clear to users that 

the forecasts encompass the full SST variability that fishermen experience at sea. 
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4.2.7 Display multiple overlays at the same time  

Findings revealed an interest in developing a tool that uses layered overlays to 

identify spots where multiple favorable fishing conditions overlap, without having to look 

at each overlay separately. One participant, however, stated that while one product (Buoy 

Weather) already permits such displays, the multiple overlays rapidly became confusing. 

The product development team speculated about designing overlays that depicted only 

“hard breaks” in SST, while leaving the rest of the chart free to be occupied by other 

overlays. This idea was ultimately shelved, as was the possibility of pairing a false color 

visualization of one parameter with contour lines representing another (a method used by 

Sea View) due to time constraints on the product development team. 

Future versions of the ocean condition information tool might benefit from 

exploration of ways to present fishermen with information from multiple forecasts 

simultaneously, but should seek to do so in ways that don’t compromise ease-of-use. If a 

screen becomes so cluttered that fishermen have difficulty making sense of it, displaying 

multiple overlays at once becomes a self-defeating exercise. Instead, developers might find 

ways to highlight “hotspots” where multiple favorable conditions converge, while leaving 

the rest of the display clear. 

 

4.2.8 Information density 

Analysis also gave rise to the theme of usability issues in ocean condition 

forecasting systems. Fishermen complained that NVS presents too much information 

without showing a clear way to make use of it. They stressed a need for simplicity and ease-

of-use. As one fisherman said, “We need to get all this information condensed down into a 

format we can easily access and not be confused about on the site…” 

However, the fishermen also displayed an appetite for information. Most fishermen 

relied on a variety of sources for decision-making, comparing forecasts from different 

services with “real-time” readings from buoys, reports radioed or telephoned in by their 

peers, and their own observations of the sea and sky. Given this appetite for information, 

some participants praised the NVS as being a “one stop shop” for information on multiple 
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ocean conditions. This suggests that making a tool simple by getting rid of information is 

not the preferred option.  

The product development team’s response to this challenge was to conceptualize a 

tool that would at first glance seem very simple and intuitive – it would open directly onto 

an overlay, with a set of relevant variables clearly displayed for use. “Advanced” options 

such as layering overlays, adjusting units of measurement, or setting up a personalized 

account would be made available through a single “Advanced Options” button located 

unobtrusively on the side of the display.  

The team discussed including a “guide” to the tool, and possibly filming tutorials 

like that produced by Amigo Charters. This idea met with mixed responses from the 

fishermen, and in some cases derisive comments about men’s willingness to read 

instructions. While such tutorials and detailed instructions for use should be part of the 

product design, designers should retain realistically modest expectations of their actual use. 

One of the design goals of the prototype’s basic features should be that it should be 

understood quickly and intuitively by a new user without recourse to instructional 

material. Advanced features may require documentation, but the basic set of features 

presented by the prototype ideally should require none. 

Ultimately, the team did not build the “Advanced” options into the prototype. This 

was due both to time constraints and to the concern that providing too many features for 

evaluation at a single time might result in lower-quality feedback regarding the impact of 

individual features. In keeping with the evolutionary concept behind the cooperative 

design strategy, more advanced options were shelved as the product development team 

focused on making sure that the basics of the prototype were consistent with the themes 

derived from research. Therefore, the prototype was designed to open directly to the 

overlay, with a set of clearly labeled variables on a collapsible menu. When collapsed, the 

prototype’s display consists almost entirely of overlay, with only a key for interpretation of 

the display and a button labeled “Menu,” with which to restore the menu to the screen. 
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4.2.9 Chlorophyll 

Chlorophyll was a theme that arose among fishermen who focused on upper-ocean 

predatory fish. Participants stated that chlorophyll indicates the presence of 

photosynthesizing plankton, which in turn may indicate the potential presence of species 

that depend on plankton as the base of their food web, including salmon, swordfish, and 

tuna. Fishermen indicated that they frequently use chlorophyll satellite images (rather than 

forecasts) from commercial products such as Terrafin (which sources chlorophyll images 

from NOAA Polar Orbiting satellites) to make decisions. These images were often averaged 

over the course of a few days to create a relatively cloud-free composite image (clouds 

interfere with the ability of the satellites to detect chlorophyll). Fishermen said that they 

would find chlorophyll models useful in an ocean monitoring tool, though they preferred 

satellite pictures of actual conditions. Chlorophyll, they said, tends to be stable over the 

time periods that fishermen make chlorophyll-based decisions, so pictures provided them 

with the security of “real-time” data without sacrificing much predictive capability. 

When asked, fishermen did not specify exactly what levels of chlorophyll they 

sought. “I just look at the biggest, reddest spot I can find,” said a salmon fisherman, 

referring to Terrafin’s use of the color red to mark areas of the ocean with the greatest 

chlorophyll concentration. Some of the difficulty in specifying exact levels of chlorophyll 

may have stemmed from the fact that in many depictions variation in chlorophyll count is 

displayed using a logarithmic scale. Fishermen reported comparing SST gradients to 

chlorophyll gradients, seeking places where both showed “hard breaks.” This practice is 

purportedly particularly useful in cloudy conditions, when only low-resolution SST and 

chlorophyll composite images may be available. 

Future iterations of the ocean forecasting tool should find ways to display satellite 

imagery of chlorophyll. In the absence of feedback from fishermen regarding specifics of 

chlorophyll levels or displays, the prototype should display chlorophyll in a manner similar 

to that of NVS’ MODIS satellite-derived chlorophyll display, with identical levels of 

resolution, the same logarithmic key, and using chlorophyll information from the same 

source. As with NVS, fishermen should be able to select multi-day composite images of 

chlorophyll in order to compensate for the effect of cloud cover. Care should be taken to 
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ensure that providing these options does not unduly complicate or clutter the screen 

(perhaps by having a small menu displaying the different composite image options appear 

when users choose to look at a chlorophyll overlay, and then disappear once a composite 

image is selected). Also, satellite images should be clearly labeled as such, to avoid users 

confusing them with forecasts or hindcasts. Finally, researchers should seek out chlorophyll 

forecast models and explore their potential uses by commercial fishermen; it may be that 

lack of interest in a chlorophyll model stems from lack of exposure to such a model. 

 

4.2.10 Internet connectivity 

 A theme of particular interest to tuna fishermen and other participants who 

worked beyond the range of a land-based cell phone signal was internet connectivity. Some 

of the participants indicated that they used cell phone networks to access data services 

when fishing nearshore, while others (particularly tuna fishers) relied on satellite 

connections for data at sea. Even with a satellite connection, however, the amount of data 

being transferred to a vessel at sea was a matter of concern. The product Sea View attempts 

to address this problem by storing some of its program in an onboard computer which 

then interprets the input data being sent over the satellite link, though this means that 

fishermen can only use this tool with a computer that has that program, rather than any 

internet portal (such as a cell phone, for instance). 

To compensate for the lack of connectivity, some participants indicated that before 

a voyage they would print out a series of forecasts from their preferred source, and use 

those at sea in conjunction with NOAA radio and reports from their peers to build their 

own mental model of ocean conditions. Other would simply forego internet-based sources 

altogether, relying exclusively on NOAA and their fellow fishermen.  

Two participants brought up the idea of dealing with this challenge by using 

smartphones to get information on demand – texting a time and location to an online 

service, and receiving back a text with a forecast of the parameters the user was interested 

in. The product development team took these concerns into consideration when putting 

together the prototype, trying to design it in such a way as to minimize demand on internet 
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bandwidth. Ultimately, however, the team decided that experimenting with text messaging 

was an option to explore in later iterations of the tool. 

The idea of using text should be revisited, as should other strategies to improve 

access to the ocean condition forecasting tool by fishermen at sea. However, researchers 

should also consider the possibility that for the foreseeable future the new ocean condition 

forecasting tool may be most useful to nearshore fishermen. If that ultimately is the case 

then researchers might consider focusing tool design around the needs of nearshore 

fishermen, rather than those who require a satellite connection. Although the new ocean 

condition forecasting tool may be able to compete with products like Ocean View on price, 

there are currently no plans to match Ocean View in terms of performance offshore.  

Any decision on the subject, however, should be made after consultation with 

fishermen. Some report taking the printouts of ocean condition forecasts to sea. Others 

will occasionally take their boats close to shore for the specific purpose of getting a cell 

signal over which to access forecasts. This suggests that offshore fishermen may still realize 

some benefit from a new ocean condition forecasting tool, even if accessibility remains a 

challenge. 

 
4.2.11 Surface ocean currents 

Surface ocean currents were a universal theme, given their impact on fuel 

consumption and their correspondence with other variables of interest (sea surface 

temperature, for example). They were of particular interest to crabbers, however, who said 

that strong currents could pull their crab buoys under the water, rendering them 

inaccessible. Findings indicated that forecasts of strong currents could help crabbers avoid 

unproductive and costly trips out to crab lines that were perhaps inaccessible. Also, as 

deployed crab pots are accessed from downcurrent, crabbers said that the ability to forecast 

current direction could be used to plan which end of a crab line to start from, and when to 

start. 

Given the universal appeal of surface current forecasts to fishermen, it might be 

wise to explore advanced fishing-specific applications to which these forecasts may be put. 

Long-term product features might include a mapping program similar to those used by car 
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drivers for navigation. Such a feature might plot the fastest or most fuel-efficient course 

through predicted currents. It might even be possible, given knowledge of a particular 

boat’s size and average fuel consumption to provide an estimate of the amount of diesel 

fuel consumed over the course of a single trip. If successful, this might allow a fisherman to 

time a given trip in accordance with the most favorable predicted currents, and to reduce 

financial uncertainty regarding fuel consumption.  

Alternately, crabbers might particularly benefit from a feature that would keep track 

of surface currents near their crab lines, and alert them by text or e-mail when the best 

conditions to access the crab line are imminent. Such a feature could help crabbers avoid 

unproductive and costly trips. 

 

4.2.12 Water column 

 Crabbers in particular expressed an interest in learning about ocean conditions 

throughout the water column. None of the fishermen interviewed said that they currently 

used information about the water column, although this seemed to be because trusted 

sources of information on the subject were not available. Ideas of how such data could be 

used were generally expressed with caution, with some crabbers suggesting that underwater 

currents might affect the behavior of the buoys that mark their crab pots. The concept 

engendered a debate at the second group meeting regarding the best way to display three-

dimensional sub-surface data on a two-dimensional computer screen. 

 Response from one of the scientists attending that meeting, however, stressed 

caution. The scientist pointed out that while models of subsurface conditions did exist, 

they were in his opinion insufficiently accurate for the uses proposed by the fishermen. 

Considering the apparent lack of reliable models and the challenges of displaying water 

column data, the product development team accorded water column displays a relatively 

low priority.  

 However, as ocean condition models continue to be refined, it is possible that a 

future iteration of the tool may someday incorporate such a model. Researchers might 

benefit from interviewing sub-surface modelers and exploring the potential of sub-surface 

ocean condition models for commercial fishermen. Researchers may also benefit from 
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further discussions with fishermen regarding exactly how they would use such models. It 

may be that some fishermen, duly informed of the limits of sub-surface models, might still 

find them useful in the course of their work. At the very least, researchers should keep 

abreast of developments in the field of sub-surface ocean condition modeling, so that if 

and when the appropriate developments in the field do occur, the researcher will be in a 

position to take advantage of them. 

 

4.2.13 Diversity among potential users 

While many fishermen shared opinions on various features of NVS, they often had 

different ideas about how best to adapt it to their needs. For example, while the attending 

fishermen were united in their dislike for the decimal-degree display of latitude and 

longitude that was the default setting of NVS, there was debate over what system would be 

best to replace it. Fishermen participants acknowledged that their needs and preferences 

are far from uniform, and change depending on the target species, vessel and gear, personal 

style, and even time of year. They suggested that fishermen from other parts of the fishing 

community be included in this project in the future – namely members of the shrimp fleet 

and the more mid-sized vessels. 

This diversity among potential users gives rise to the question of whether or not it 

is possible to design a tool to satisfy users with so many different needs. However, current 

product development strategies suggest that attempting to satisfy the needs of all potential 

users, in addition to being technically challenging, may make for poor marketing strategy 

(Blank 2006). Instead of attempting to appeal to everyone at once, participants in the 

cooperative development process should take into account the product adoption curve 

(Figure 1). Researchers can treat fishermen who participate in the cooperative development 

process as the innovators and early adopters, and design the resulting ocean condition 

forecasting tool around their needs and preferences. The result, according to Blank’s 

marketing strategy, should be a group of innovative, loyal users who advocate not only for 

the product, but for those associated with it based on their own positive experiences. Given 

the importance of informal social networks in the fishing community (Dobbs 2000, 

Conway et al 2002, Gilden and Conway 2002, NRC 2004), reliance on established 
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members of that community to act as promoters of the new ocean condition forecasting 

tool may be particularly important. It may therefore make sense to focus on their needs 

and preferences first, and adjust the ocean condition forecasting tool in future iterations to 

match the needs of the larger population. While there is no way to be certain that the 

product adoption curve will unfold as smoothly as Blank (2006) describes, designing for 

the few rather than the many may be the best way to steadily introduce a suite of features 

that can gradually come to meet the needs of this diverse user group. 

 

4.3 Developer Themes 

 

4.3.1 Motivation: Interest 

It should be noted at the outset that participation in this project was motivated by 

necessity. As senior undergraduates in computer science, these students were required to 

engage in a senior “capstone” project, chosen from among several competing projects. 

Therefore, it should not be construed that the motivations they describe would have drawn 

them to this project in the absence of necessity. Instead, the motivations expressed by the 

product development team members describe why they chose this design project instead of 

any of the others offered to them. 

The motivation to choose this project seems to have been personal interest. When 

directly questioned about what interest prompted his choice, however, each developer gave 

a different answer. One member considered the project a technically interesting 

opportunity to build new coding skills. Another, with a background in creating visual 

displays of data, considered it a chance to expand on that existing interest. The third 

expressed an interest in end-user interaction, saying “The idea of making data easier for 

non-technical people to understand is one that appealed to me.” None of the members had 

any experience with or connection to either the fishing community or the ocean science 

community prior to involvement with this project, and none expressed an interest in either 

community as a factor in their initial choice of projects. 

Efforts to recruit and motivate developers in the future, therefore, may benefit from 

efforts to appeal to the interests of potential developers, so long as those efforts don’t 



 53 

impair other elements of the project. Given the highly individual nature of the interests 

expressed by the developers, however, issuing a one-size-fits-all invitation for applicants 

might not be the most effective recruitment strategy. Rather, networking to find 

individuals whose interests match the project might be the most beneficial recruitment 

technique. If future iterations of the project rely on student developers, informal 

consultation with computer science teachers to seek out students with appropriate skills 

and interests would be a worthwhile way to prepare the ground for the formal project 

selection process. By the time the formal process is initiated, therefore, stakeholders would 

have the security of already having a prepared team of developers, and the students would 

have the security of knowing that they have an interesting and worthwhile project waiting 

for them. If, on the other hand, professional developers are hired, a review of past work, 

recommendations from former clients or peers, and an interview might be a good way to 

evaluate how well the developer’s interests match the project’s needs. 

Using personal interest to motivate a development team member may also mean 

giving such members a degree of independence and inviting them to participate in the 

design process as equal partners with both fishermen and scientists. Hoegl and Wagner’s 

(2005) point that successful cooperative development generally takes place between equals 

applies not only to fishermen and scientists, but to the development team, as well. 

Development team members should be encouraged to seek creative solutions to the 

challenge of matching scientists’ model output with fishermen’s needs. Hackman (1980) 

suggests that independence in a group of workers can improve both job satisfaction and 

productivity, so long as interests are not indulged at the expense of other essential 

workplace functions. The researcher should work with development team members to 

make the work they do as interesting as possible within the bounds of product 

specifications.  

 

4.3.2 Motivation: Significance 

All product development team members expressed a keen interest in the 

application their work might have outside of the computer science community. This 

seemed to reflect their professional goals and their vision of the purpose of computer 
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science. As one developer said, “Computer science is all about ‘let’s develop tools to help 

other people solve problems.’” While it was not the first response of all developers to the 

direct question of why they chose to be involved in this particular project, it did come up 

regularly as a priority for each of the programmers involved. This is consistent with 

Hackman and Oldham’s (1980) “job characteristics” model of motivation, which posits 

that one of the motivations for work is the ability to see the impact of one’s work in the 

larger world. In this case, developers expressed the hope that their work would be of 

financial benefit to fishermen, and also that it would improve relations between the fishing 

and scientific communities. 

It is also important to note that with one of the developers, the significance of this 

work proved a powerful enough motivation to keep that developer involved in the project 

after his senior project was complete and he was no longer formally obligated to 

participate. During the summer he continued to work on developing the prototype’s ability 

to automatically update from the SST and current model, and to facilitate the transfer of 

the prototype from the computer systems of the College of Engineering to those of the 

College of Earth, Ocean, and Atmospheric Sciences (CEOAS). Although this work was 

prioritized after more pressing professional and academic obligations, the developer’s 

continued involvement after his formal obligation ceased suggests that the perception of 

significance is a powerful motivator in the product development process. 

If developers, like scientists and fishermen, also seem to derive motivation from the 

act of benefiting others, the opportunity to do so should be highlighted during the 

recruitment process. As features are designed and implemented, the researcher also should 

make sure that developers are provided not only with the critical feedback that results in 

changes to the product, but also in with positive responses from fishermen and scientists. 

Hackman (1980) notes that direct feedback from clients can help workers to see the results 

of their work. The interest all development team members expressed in benefiting others, 

and the positive responses of development team members to their direct interactions with 

fishermen and scientists suggests that encouraging more direct interaction may have a 

beneficial effect on product development team member satisfaction and productivity. 
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4.4 Cooperative process 

 

4.4.1 Coordination challenges 

Interviews and group meetings revealed that fishermen’s work is not dominated by 

“nine-to-five” predictable schedules. Instead, activity in the fishing industry is determined 

by the time of year, catch limits and season scheduling, and weather conditions that can 

change on very short notice. A researcher cannot expect a scheduled meeting to take 

priority over the needs of a fisherman’s boat and crew. On multiple occasions, the 

researcher drove from Corvallis to Newport for a scheduled interview only to find that 

during the drive ocean conditions had changed and the interviewee had gone to sea. 

Attempts to schedule interviews for days predicted to have bad weather improved research 

efficiency, but there were still missed connections.  

Future research might benefit from the researcher being based in Newport, rather 

than Corvallis. Eliminating the hour-long drive to the coast would allow a researcher to be 

more flexible in scheduling interviews with fishermen, permitting him or her to take 

advantage of situations as they arose rather than missing opportunities due to a minimum 

one-hour delay. Being based in Newport would also permit the researcher to more easily 

access other coastal communities like Pacific City, Depoe Bay, and Florence, increasing the 

potential size of the participant pool and the quantity of data per amount of effort 

expended. While it would still demand a commute to consult with academics in Corvallis, 

the relatively more predictable schedules might mean fewer missed connections. What is 

more, academics are more likely to be remotely accessible through communications 

technology, meaning that a researcher located on the coast might spend less time 

commuting and more time engaged in research or product development. If the next 

researcher is a student, faculty member, or has other non-flexible obligations inland, basing 

research on the coast may not be possible, but if it is, it is an option worth exploring. 

Group meetings also proved difficult to arrange during the active fishing seasons. 

The first two were successfully held during the lull before the opening of crab season, 

which generally lasts from October to early December. Both meetings were well-attended by 

fishermen, though few scientists were able to join, possibly because the meetings were held 
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in Newport, an hour’s drive away from OSU’s main campus in Corvallis. An alternate 

explanation might be that while multiple scientists had agreed to participate in interviews 

for this project, only one scientist had agreed to provide model output to the prototype by 

the time of the second meeting. As more scientists are recruited to act as upstream 

suppliers to the new ocean condition forecasting tool, their sense of investment in the 

product and their desire to see the impact of their contribution to the fishing community 

may act as an added incentive to participate directly.  

The third meeting took place during the spring, in the middle of a busy salmon 

season. Though a small group was adequate for the purpose of that meeting (to get direct 

feedback on product features), the attending fishermen expressed doubts that many 

fishermen might be available to meet at any given time during that time of year. 

Given the success enjoyed by the November meetings and at the suggestion of the 

fishermen, future researchers would do well to schedule large group meetings for the 

months of October and November. They should regularly check in with fishermen during 

that time to keep track of the projected start date of the winter crab season and ensure that 

meeting plans do not conflict with that, or with other meetings that may be competing for 

fishermen’s attention during that time. Scientists and development team members, in the 

meantime, can try to plan around having a meeting with the fishermen in late fall, and 

attempt to build some flexibility into their annual schedule to reflect that. When it is not 

possible for scientists and developers to avoid schedule or logistical conflicts, remote 

attendance through video conferencing or conference calls might permit some degree of 

participation. Group meetings, if they ultimately become annual occurrences, may serve as 

an opportunity for fishermen, scientists, and development team members to interact 

directly, get caught up on the status of the ocean condition forecasting tool, and make 

collective plans for the next iteration of the ocean condition forecasting tool. 

 

4.4.2 Fishermen’s impressions of cooperation  

Despite the tension described between fishermen and scientists in the literature 

(Gilden and Smith 1996, Gilden 1999, Dobbs 2000, Harm and Sylvia 2001, Conway and 

Gilden 2002, Conway and Pomeroy 2006, Wendt and Starr 2009), there were few, if any, 
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such conflicts expressed at the group meetings. In fact, fishermen who had complained 

about the scientific community in individual interviews generally said little on this subject 

during the group meetings. Part of that might have been the result of the meetings’ explicit 

focus on ocean forecasting tools, rather than on the relationship between scientists and 

fishermen. Another reason for the reduction in complaints might also have been a result of 

a change in the interpersonal dynamic from that of “an interview” to that of the “group 

meeting.” Berg and Lune (2012) note that group dynamics can affect the willingness or 

opportunity of participants to express themselves, and it is possible that the public nature 

of these meetings had an impact on the responses provided by members. 

Privately, some participants expressed disappointment regarding their relationship 

with scientists. “…Every time you collaborate with the scientific community, it seems like 

another fishery just went away,” said one participant, expressing what seemed to be widely 

held frustration with scientists over issues such as regulation, competition for access to the 

sea, and what they considered an unfair portrayal of fishermen. Responses like this agree 

with the findings of Dobbs (2000), Conway and Opsommer (2007), and Culver et al 

(2010), regarding the risks that fishermen often perceive in cooperating with the scientific 

community.  

Fishermen were not asked if their opinions of scientists applied equally to all 

scientists or if they distinguished between different groups of scientists, but some of their 

statements suggested the latter. Fishermen expressed particular frustration with scientists 

involved in ocean energy or fisheries regulation, as opposed to the larger scientific 

community. The researcher found it helpful to explicitly distance this project from OSU’s 

wave energy work when interacting with fishermen, as the wave energy project seemed the 

focus of particular ire. In the words of another participant,  

 

“I was involved in the wave energy [expletive deleted], I’ve been involved in the marine 
protective [expletive deleted]… I mean we’ve gone through one episode after another with this industry. 
Everybody wants a piece of our skin and we’re fighting tooth and nail for our crab ground.”  

 

Responses like this agree with other accounts of fishermen’s opinions of ocean 

energy projects (Glazier et al 2006, Hunter 2009, Henkel 2013). In light of sentiments like 
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these, it may be wise for a researcher to identify the most controversial regulatory and 

scientific issues current on the coast and distance him or herself from those issues early on, 

if possible. It is important to note that this study does not recommend the use of 

subterfuge in dealing with any participant in the product development process. Rather, the 

researcher should clearly delineate the limits of his or her involvement with relevant 

controversial issues, and take into account the fact that involvement in certain issues (like 

wave energy) may have ramifications for his or her work on this project. 

 Participants also expressed skepticism of the accuracy of scientific research, and 

indicated that their own experiential knowledge of the ocean was often devalued by 

academics. This is consistent with the findings of Gilden & Smith (1996), Conway and 

Gilden (2002), and Dobbs (2000). One participant voiced frustration at fishery sampling 

techniques that he said examined the wrong part of the ocean, leading to unrealistically 

low fish population estimates and unnecessarily restrictive fisheries regulations. Another 

said,  

 

“They’ve shut down entire fisheries, they’ve put tons of people out of work, they’ve ruined 
families. And it’s because the scientists are doing what they think is right, but… They weren’t 
including the fishermen on it. And I think as you guys are starting to find out, we’re kind of a wealth 
of knowledge. We’re on it, we see it all the time, we deal with it, so it’s important to include us.” 

 

 However, most of the fishermen expressed a cautious optimism for the idea of 

cooperation with the scientific community on this project. This seemed to stem from the 

fact that the project was explicitly intended to benefit the fishing community, and that it 

would not be used in a regulatory capacity. As one crabber put it,  

 

“Unlike the observer programs and stuff like that, this is something that could help everybody. 
And I would think about doing it…” 
 

 Enthusiasm for the project should not be construed as a commitment to regularly 

be available for product testing and consultation. As mentioned earlier, there were 

multiple occasions when participating fishermen unexpectedly canceled interviews to go to 

sea, stymieing research that day. The unpredictable demands of the profession took 
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precedence over this study, possibly as it had yet to produce a product or establish a track 

record of benefiting the fishermen in return.  

However, a few canceled interviews ultimately proved to be a frustrating and 

delaying phenomenon, rather than one capable of derailing the entire project. The 

cautious enthusiasm of the Newport and Depoe Bay fishermen suggests that this project 

may find more opportunities for cooperation as the project progresses. If fishermen see 

their hopes for both individual and community benefit realized, their interest in 

cooperating on the development of this new ocean condition forecasting tool may 

intensify. 

 

4.4.3 Scientists’ impressions of cooperation 

 

“Every once in a while I get charged up, get the religion and say I got to go out and talk to 
people and teach them about what it is that we’re doing, all these exciting things, but then the 
demands of my job catch up and I just don’t have the time to do that.” 

 

While scientist participants seemed enthusiastic about the idea of their work being 

used by the fishermen, direct collaboration with the fishing community appeared to be a 

more complicated issue. While the jobs of scientists may not be determined by the vagaries 

of the weather, limited time and limited resources were cited as barriers to cooperation. 

One ocean modeler suggested that while cooperative research was a good idea, it fell within 

the bailiwick of social scientists. “It’s mostly their headache,” he said, “about how we 

collaborate with fishermen.” 

These results are interpreted with caution. While concerns about demanding 

schedules are certainly consistent with National Research Council (2004) statements 

regarding barriers to scientist-fisherman cooperation, only one of the scientists interviewed 

was actually contributing model results to the new tool prototype at the time of writing. It 

could be that most of the scientists viewed active participation in tool development as 

largely speculative, and did not accord it much importance compared to the actual 

demands on their time and energy. However, scientists’ expressed concern about the use of 

their model output suggests that once the output of those models is included in the new 
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ocean condition forecasting tool, they may feel more investment in the cooperative 

development process than they currently do. More investment may translate into more 

interest in active participation in the depiction of their model output and its use by 

fishermen. If more scientists are recruited to contribute model output, another round of 

interviews might reveal changed attitudes towards active involvement in the cooperative 

process. 

 

4.4.4 Developers’ impressions of cooperation 

All members of the team expressed awareness that development of the prototype 

took place in the context of a set of social relationships between fishermen and scientists, 

but expressed mixed opinions on the amount of interaction necessary between themselves 

and the other participating communities. A great deal of this, they said, had to do with the 

“back end” requirements of the prototype, which had relatively little to do with end-user 

requirements, although it did require consultation with NANOOS scientists to ensure that 

the prototype would be designed to be compatible with the output of the models used in 

NVS. In the words of one team member,  

 

“… there’s been a long period of time just setting stuff up, making the back end, and so there’s 
nothing really to show them [scientists and fishermen].”  

 

During the first few months of the project, team members were focused on learning 

the Python programming language, educating themselves about development tools like 

Celery and Django, and familiarizing themselves with the NetCDF (Network Common 

Data Form) files that contained model output for SST and current speed and direction. 

They also built a website structure to which other features or model outputs could be 

added later with relative ease, as new iterations of the project would be realized. 

As this back-end work did not directly touch on end-user experience, direct 

interaction between developers and the fishermen was not an early priority, and team 

members were content to consult with the researcher regarding user requirements. Only 

two members of the team had direct interaction with any fishermen. While they both 
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considered those interactions to have been valuable experiences, at no point during the 

project did any team members request direct interaction of their own initiative. All team 

members, however, had multiple direct interactions with NANOOS scientists, which were 

necessary to address compatibility issues and get permission to use model outputs. 

While team members all attached importance to direct interaction between 

themselves and other parties, they also expressed appreciation for the convenience of 

having the researcher as a “go-between,” especially in the early stages of the project. One 

developer, talking about developing an initial understanding of user needs and preferences, 

said, 

 

“there’s a lot of research that’s involved and I wouldn’t necessarily know what to ask them, or 
who to trust or… there’s a whole methodology behind that. And that’s kind of outside the scope of 
what we’re doing.” 

 

Another developer noted that all members of the development team had limited 

time and demanding schedules, and that coordinating with the relatively unorthodox 

schedules of the fishermen would be a significant challenge. He also expressed appreciation 

for the function of a go-between to act as a filter between the communities, preventing bad 

or irrelevant information from being transmitted and damaging or slowing the 

development process. As he put it,  

 

“We’re able to trust your judgment on ‘this one guy says this is useful, but no-one else agrees, 
so don’t spend time on it.’ Whereas we would just talk to three fishermen, they’d all say, ‘this is 
useful,’ we’d assume every fisherman wanted that.”  

 

This finding is consistent with Hoegle and Wagner’s (2005) findings that that 

frequency and intensity of communication between buyers and suppliers in product 

development only improves development to a point, and after that increased 

communication can actually become a hindrance.  

However, there was general agreement that as more of the back-end work was 

completed, and developers came to spend more time on “front-end” user interface 

questions, direct interaction with the users would become more of a necessity. Part of this 



 62 

had to do with opinion of developers that a message becomes distorted as it is relayed from 

party to party, and that the safest way to understand the user’s needs is to speak with the 

user directly. Another driver of direct interaction was that the researcher’s status as neither 

a fisherman nor a programmer caused developers to doubt that the researcher would 

always know the right questions to ask, or that the researcher would properly understand 

the answers. In the words of one developer, 

 

“You’re able to talk to a lot of fishermen and you’re able to synthesize it down to the 
information that you think we need, but at the same time you don’t know everything about developing 
the product… definitely talking to the fishermen directly will be useful at some point.” 

 

These findings suggest that a middleman can play an important role in the 

cooperative development process, especially during the initial stages of development, both 

by initiating interactions between parties and by filtering them. Development team 

members’ enthusiasm for direct interaction at a later stage in the development process 

suggests that the importance or role of the middleman may change over time. Assuming 

individual, direct interaction becomes more normal between parties, the middleman’s role 

in this project may become less about initiating contact and more about managing 

communication. Future researchers should prepare themselves for a gradual change in 

their roles, which may involve regularly checking with participants to make sure that 

everyone has a shared understanding of the project’s status and goals, and to find and 

correct misimpressions before they can become rumors or engender misunderstandings or 

conflicts. 

 

4.5 Building the Prototype Ocean Condition Forecasting Tool 

 

4.5.1 Initial design 

 In consultation with the researcher, the product development team came up with 

guidelines for the prototype of an ocean condition forecasting tool. The prototype needed 

to reflect the expressed needs and preferences of the fishermen, needed to be easy to 

maintain and upgrade, needed to be easy to use on laptops, tablets, and smartphones, and 
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needed to be compatible with existing NVS technology. With these general guidelines 

established, the researcher and product development team began to establish specific 

features and prioritize them. The list of design features and their prioritization is shown in 

Figure 4. 

 

 

Figure 4. Client requirements list. Generated by the researcher and the development team. The card 

numbers refer to cards created in Trello, a tool the team used to keep track of progress. Source: Phillips 

et al. 2014 (Appendix V) 

 

 Examination of the state of the prototype at the time of writing shows that not all 

of the requirements have been met. Of the twenty-one original requirements, three were 

changed (1, 3, and 7), five were implemented (2, 5, 6, 14, and 20), and the remaining 
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thirteen were dropped. Of the four requirements added during the development process, 

one was met, and three remain unmet. Added, changed and dropped requirements are 

shown in Figure 5. 

 

 

Figure 5. Added, changed, and dropped requirements for the prototype. Source is Phillips et al. 2014 

(Appendix V) 

 

 In addition to writing the code for the prototype, the product development team 

took an active role in the design of the product itself. Many proposed features resulted 
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from their interpretation of the researcher’s findings and their own personal experience. 

The team provided the researcher with feedback on proposed features, estimates of 

necessary resources and practical feasibility. Team members’ attendance at two of the three 

group meetings allowed them to inform product design through direct interaction with 

and observation of the user group. 

 The role of the researcher during this process was to find the data and resources 

that the development team needed to build the prototype rather than to write the software. 

The researcher presented findings, connected the product development team with the 

scientists responsible for the models employed in the prototype, negotiated permission to 

use the models, maintained lines of communication with scientists regarding the use of 

those models, and sought feedback from participating fishermen on proposed features of 

the prototype. The researcher also facilitated direct interaction between fishermen and 

product development team members, coordinating meeting schedules and correcting 

miscommunications. 

 

4.5.2 Current status 

 The prototype tool designed by the development team consists of a simplified 

subset of NVS capabilities. This is due to time and resource restrictions that the team 

operated under, to a hesitancy to invest in a more comprehensive tool without field-testing 

a simplified design with the end users, and to intentional efforts to simplify the prototype 

relative to the NVS design which inspired it. At the time of writing, the prototype can be 

found at http://web.engr.oregonstate.edu/~philliry/sharkeyes/. The version of the 

prototype found at this site is slightly less advanced than that shared with fishermen at the 

third meeting, displaying temperature in Centigrade and not featuring smartphone 

optimization. 
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Figure 6. Screenshot of the prototype. Displays both the left-hand menu bar and active sea surface 

temperature and latitude/longitude overlays. 

 

 The website that hosts the prototype opens directly onto the prototype’s ocean 

display, without any title page or sifting through options, in order to make accessing the 

prototype’s functions as simple and intuitive as possible. As with NVS’ “Data Explorer” 

and “Tuna Fisher” apps, the ocean display uses Google Maps, preset to display bathymetry 

(bathymetry being a common request of fishermen). A grid of latitude and longitude lines 

appears automatically to aid navigation, and the grid adjusts as users zoom in and out, 

ensuring that users can quickly and easily associate forecasted conditions with specific 

areas. To further meet fishermen’s requests for navigational aides, cursor coordinates are 

clearly labeled on the left-hand menu, and adjust depending on the position of the cursor 

on the map display. Latitude and longitude are shown in degrees-minutes-seconds, the 

most popular format among participating fishermen. 
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 The left-hand menu appears automatically, but can be hidden by clicking the 

“Hide” button at the top of said menu. When hidden, only a single “Menu” button 

remains, leaving the entire screen as a map. The rationale for this is to give users a clean 

view of the overlays, making the appearance of the prototype look less like a normal 

computer display, replete with buttons and labels and options, and more like the maps and 

charts that fishermen habitually use. This may be particularly beneficial for users with 

smaller screens, which might otherwise become cluttered and less useable. It does, 

however, require some sacrifices, such as the hiding of the “Cursor Coordinates” display. 

Depending on feedback from the fishermen, that display might be separated from the 

menu into a permanent feature of the tool (like the key at the bottom of the screen, 

described below), or might become a point-specific option, such as a bubble that comes up 

when a user left-clicks on a point, displaying latitude and longitude, as well as other 

relevant information. 

 Beneath the “Hide” button is a drop-down menu that permits users to select the 

time and date of the forecast they want to look at. Depending on the model providing the 

information, the times and dates displayed may change. Currently the only active model 

allows for predictions three days into the future, at intervals of four hours, with updates 

every day. Initial feedback from fishermen suggested that it would be valuable to display 

overlays from the recent past, as well as to allow the overlays for different times to be 

displayed in rapid, automated sequence, like a video showing change in the ocean over 

time. 

 Beneath this is a selection of options entitled “Map Data Layers.” Each of these 

options consists of a toggle switch, labeled for the ocean condition overlay it will activate. 

The conditions currently displayed in the menu are “Sea Surface Temperature,” “Salinity,” 

“Currents,” “Wave height,” and “Chlorophyll.” Only the first three are currently active, 

and there are plans to remove the “Salinity” option in accordance with the wishes of the 

model’s author. This project currently has permission to use the WAVEWATCH III 

model at OSU to display wave height, period, and direction forecasts, but the development 

team graduated from college before they could complete the necessary coding. The product 

development team does not currently have access to a chlorophyll model, but initial 
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feedback from fishermen suggests that overlays of near-past chlorophyll conditions such as 

those carried by commercial products like Terrafin would be considered as, if not more, 

useful. Should this be the design choice for a chlorophyll display, initial discussion between 

the development team and fishermen suggested that forecast overlays and observational 

overlays (i.e., ones that record actual conditions) be displayed under separate, clearly 

labeled headings to avoid confusion. This suggestion is consistent with interview findings, 

which indicate that participating fishermen evaluate and use observational data differently 

from forecasts, and have differing levels of confidence in each. 

 When a toggle is activated, an overlay is displayed on the map. Multiple overlays 

can be active at one time, although the last one activated will layer over previous ones. The 

key to the overlay most recently activated is displayed at the bottom of the screen, and does 

not disappear when the left-hand menu is hidden. The temperature display depicts sea 

surface temperature in degrees Centigrade (from 9˚ to 20.3˚). The version critiqued by 

fishermen displayed SST in degrees Fahrenheit (from 46˚ to 67˚), which fishermen had 

expressed a preference for. There is some concern that the wide range of temperatures 

displayed by the prototype might sacrifice the temperature resolution so important to 

salmon, tuna, and swordfish fishermen, and future development might consist of 

experimenting with alternate display options that address this concern. Salinity is also 

shown but is slated for removal from the prototype. Currents are displayed in knots. Initial 

feedback from fishermen expressed approval of these units of measurement.  

Beneath the “Map Data Layers” is another heading, entitled “Options.” Currently 

the only option is to toggle the navigational grid (mentioned above) off and on. As 

mentioned earlier, the grid is automatically set to “on” as the website opens, but can be 

turned off in the interests of reducing display clutter. Some other options may follow, but 

the current plan is to reserve most of these for a separate “Advanced Options” page (again 

to reduce clutter). 

Beneath the “Options” is the “Cursor Coordinates” display, previously mentioned, 

and beneath that is an “About” button. This button leads the user to a new window 

describing the product and the development project. Future iterations of the “About” page 

instructional text and possibly tutorials to assist users with the site. A disclaimer is also 
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planned, a necessary measure should users begin to make commercial and safety decisions 

based on information provided by this prototype. A proposed second iteration of the 

“About” page is located in Appendix IV. 

The prototype has also been optimized for smart phone use, though the optimized 

form is not available at http://web.engr.oregonstate.edu/~philliry/sharkeyes/. 

Optimization for smart phones is a feature meant to benefit near-shore crabbers and 

salmon fishermen, who have indicated that they make routine use of smart phones when 

within service range, and will sometimes intentionally sail into service range to get updated 

information on their smart phones. This feature is unlikely to be of much use to fishermen 

who work further offshore, such as tuna and sword fishermen, but as many participating 

fishermen indicate activity in both nearshore and offshore fisheries, it seems likely that 

smart phone optimization may benefit a large number of fishermen during at least part of 

the fishing year. 

Smart phone optimization includes efforts to minimize clutter, thereby improving 

ease-of-use on a small screen. The display, for example, occupies the entirety of the phone’s 

screen, and the navigational grid is minimized to a single latitude and longitude line for 

most of the high-resolution displays. As with the non-optimized version, the left-hand 

menu appears when the prototype is first accessed, then automatically slides off screen to 

the left, giving users the option of restoring it at their convenience. Further modifications 

to both the basic and smart phone optimized versions of the prototype will depend on 

feedback from user field tests.  

Finally, it is important to note that at the time of writing, the prototype does not 

automatically update, which limits both its functional usefulness to fishermen and the 

ability of the researcher and product development team to field test the prototype. 

Although automatic updates were written into the list of requirements, the workload 

placed on the students proved too great for them to meet before graduation, and that key 

requirement was not met. While it is possible to manually update the prototype, this would 

require one of the team members to conduct the update daily. This problem should be 

solved once the prototype has been moved from the College of Engineering computers to 

those of CEOAS. In the absence of a field test, the third group meeting allowed fishermen 
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to explore the non-updating current prototype and provide the researcher and 

development team members with feedback on its design and features. 

 

4.5.3 Lessons learned from building the prototype 

 Employing a development team from OSU’s undergraduate computer science 

community has presented both advantages and disadvantages. While there will probably be 

opportunities for cooperation between CEOAS and the College of Engineering in the 

future, it is likely that the best results of outsourcing code writing functions to the College 

of Engineering capstone project program will be realized during the early, exploratory 

phase of the project. 

 During the initial, exploratory stage of new product development, it makes sense to 

acquire as much information about the product, user, product-user interaction, and 

production process as possible, while minimizing actual investment in the project. This 

reduces the risk of loosing money and other resources on unprofitable projects and 

unworkable designs. As the development team was compensated in academic credit rather 

than money, outsourcing code writing to undergraduates proved to be an efficient strategy 

for the researcher to multiply his effectiveness at no financial cost to himself or to CEOAS. 

As the researcher had neither the programming skills to build the prototype himself, nor 

the money with which to hire a professional programmer, it is entirely possible that the 

prototype would never have achieved this level of development without the services of the 

undergraduate development team. 

 The project benefited not only from the code-writing services of the students, but 

also from the design insight they brought to the table. Instead of simply taking a list of 

requirements and writing code to spec, the students engaged in active dialogue with the 

researcher, making many of their own design proposals informed both by their own 

experience and by four years of computer science education at OSU. For example, the idea 

of having the fishermen interact with the prototype using toggle switch-style displays 

originated with the product development team’s deliberations on how to make user 

interface both intuitive and easy to use in the dynamic environment of a boat. The team 

was also responsible for several proposals of advanced features, including “virtual buoys,” 
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display techniques that would allow fishermen to more easily observe confluences of 

favorable conditions, and functions that would automatically alert fishermen when a 

predetermined set of environmental conditions was forecasted. While these advanced 

features couldn’t be designed and tested in the time frame provided, they did provide a 

wealth of ideas for future development. 

 However, there were drawbacks to this technique, as well. As previously mentioned, 

the team was unable to meet all the requirements set at the beginning of their involvement 

in this project (see Appendixes V and VI). Of particular concern was the fact that as of the 

time of writing, the prototype was unable to automatically download and plot data from 

the model at regular intervals, nor to delete old plots. Currently, these functions must be 

performed manually, an impracticable option. While the failure to meet some 

requirements (such as inclusion of model output forecasting sea surface height anomalies) 

can still leave the prototype in a functional state, the inability to automatically update 

cripples the prototype, making it impossible to even field test. 

 Developers indicated at the end of this process that they had underestimated the 

amount of time and energy it ultimately took to learn and apply the necessary skills to 

build the prototype. While any future use of student labor to improve and add to the 

functionality of the prototype is likely to be faster (now that much of the aforementioned 

“back end” work is complete), this is an important lesson in realistic expectations. Every 

new student developer is likely to go through an initial period of familiarizing him/herself 

with the prototype, during which time they will be unable to actually improve prototype 

functionality. Once they develop the necessary skills, they will have a limited amount of 

time during which to improve prototype functionality before they graduate and leave the 

project, taking their accumulated intellectual capital with them.  

 This is not a sustainable model for continued development of the prototype. New 

product development relies on the accumulation of intellectual and social capital to 

facilitate the development process (Chen et al 2010). A development team with a 100% 

annual turnover rate restricts the accumulation of programming skills (intellectual capital) 

and trust and channels of communication between participants (social capital). Even if 

students could be retained for more than one year in a specially-designed program distinct 
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from the existing capstone project program, turnover would still be limited by students’ 

graduation and dispersal into the workforce, entailing a continual sacrifice of intellectual 

and social capital. Development team members themselves noted that the project would 

have progressed much faster had it employed the services of a professional programmer 

rather than a student. In addition to joining the project with a greater skill set than the 

average student, a professional programmer is far more likely to be available to work from 

year to year, and would be in a position to accumulate the essential intellectual and social 

capital that students cannot. While it still may make sense to employ students in a more 

limited capacity (such as the development of experimental new features), a sustainable 

strategy for the future will likely require the services of a professional programmer or a 

science faculty research assistant. 
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CHAPTER 5 - CONCLUSION 

 

 

“Rainbow to windward, foul fall the day; 

Rainbow to leeward, damp runs away” 

 

5.1 Where do we go from here? 

 

 The cooperative product development process has the potential not just to create a 

new or better product, but to help bridge gaps between participants (Fægri and Hanssen 

2007, Hoegle and Martin 2005). In this case, the gap of initial concern was that between 

fishermen and scientists, but in the course of this study a third community of software 

developers has been discovered that plays a vital role in the cooperative development 

process linking the first two. Cooperative product development can provide members of 

each community with a regulation-neutral, safe opportunity to build trust and working 

relationships that result in opportunities for improved interactions in other areas.  

However, success is hardly guaranteed. A positive cooperative product development 

process takes careful planning, vigorous execution, and a high degree of flexibility, 

patience, and tolerance for uncertainty (Fægri and Hanssen 2007). An understanding of 

the literature surrounding both Oregon’s commercial fishing communities and product 

development theory is useful to the development process, although nothing is a substitute 

for direct interaction with users, producers, and suppliers. In the context of existing 

literature and field experience, the documentation of this development project can help 

future researchers to engineer successful products and productive research. Product 

developers can use this documentation to develop new strategies that improve the 

efficiency with which they move through the necessary steps of each iteration (see Figure 3). 

Meanwhile, researchers can examine how communication and decisionmaking dynamics 

change from one iteration of the product to the next. The gradual accumulation of 

knowledge and trust will prove essential to advancing both the product and the research. 
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As Bruce et al (1995) say, there is no formula for successful product development, 

but there are guidelines. While this study cannot provide a step-by-step plan for continuing 

this project, it can provide future researchers and/or product managers with a set of 

guidelines and goals that they can use to inform the next steps in the process. On the 

development side, this exploration provides the basis for faster, efficient cooperative 

development that makes the best use of scientists’ model output and developers’ skills to 

accurately meet fishermen’s needs. On the research side, hypotheses can be generated, data 

can be gathered from other parts of the population, and findings may even be applied to 

cooperative research in other areas. 

 

5.2 Short-term product goals 

 

 The first and most important step to take is to complete version of the prototype 

that can be tested by fishermen at sea. Fishermen, scientists, and the product development 

team all expressed their interest in the new product as a major part of their motivation for 

participating in this study. The completion of the prototype will demonstrate to them that 

their own investment of time and energy has not been wasted, and that continued 

participation can bring further improvements. Such a demonstration can build the mutual 

trust identified by Hoegl and Wagner (2005) and Bruce et al (2005) as being essential to 

successful cooperation. Conversely, a product that is always “just around the corner” may 

be taken as a demonstration of bad faith, discouraging continued participation, and 

making it difficult to recruit new participants. 

 To get to this point, the prototype should meet the following list of new 

requirements. Meeting these requirements does not necessarily mean making a product 

that is ready for release to the public, but only to a select few fishermen who have 

volunteered to field test the prototype. Their feedback from actual field-testing will form 

the basis for taking this new ocean condition forecasting tool from prototype to a first 

version ready for release. Even then, it may take more than one round of field-testing, 

feedback, and improvement before that is complete. Since that may be the case, it is 

imperative to move as quickly through that process as we can without sacrificing quality; 
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participants need to see timely evidence of the impact of their participation. The 

requirements for field-testing readiness are as follows: 

• The prototype must automatically update new information from the models 

that it sources from. Otherwise, a technician will have to manually update the 

prototype each day, an unrealistic activity for long-term testing. 

• The prototype must automatically erase outdated forecasts to keep from being 

overloaded with data. 

• The prototype must be moved to COEAS computers, as its current location on 

College of Engineering computers is contingent on one of the members of the 

design team continuing to have status as a student at OSU. When he graduates, 

his computer account will be erased, and if the prototype hasn’t been moved to 

the safety of COEAS, it will be erased, too. 

• The prototype should, if possible, incorporate data from the WAVEWATCH 

III model. Permission to use this data was negotiated in the spring of 2014, and 

incorporation in the near future will demonstrate to the scientists who work 

with WAVEWATCH III the good faith of members of this project. 

• Likewise, the salinity overlay should be erased from the prototype, in 

accordance with the wishes of the scientist who has provided the project with 

outputs of his model for SST and surface currents. 

• The date display should indicate not only which day of the week corresponding 

to a given forecast, but the actual date. 

• The “About” page should be updated to reflect the project’s current status and 

to provide contact information for the individuals actively involved in the 

project.  

• The testable prototype should not be the one currently accessible at 

http://web.engr.oregonstate.edu/~philliry/sharkeyes/, but should be the one 

displayed to the fishermen during the third meeting, with temperature in 

degrees Fahrenheit and smartphone optimization, in addition to the other 

changes recommended in this list. 
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Once these changes (many of which are simple and can be done quickly) are 

complete, the prototype will be ready for testing. All participants should be informed about 

the test and its results, whether they are directly involved in the test or not. This will serve 

not only to update them on the status of the product development, but to affirm that their 

participation has had a real, positive impact, and encourage them to continue participation 

in the future. 

 

5.3 Medium-term product goals 

  

Medium-term product goals are not as well-defined, and shouldn’t be. They should 

reflect feedback gathered during the prototype’s field testing, incorporated with current 

findings as depicted in Figure 3. However, there are some product requirements that a 

researcher and/or product manager is likely to want to include in the first release of the 

new ocean condition forecasting tool. 

• It may be useful, if resources exist, to make multiple versions of a given feature 

that can be tested simultaneously by fishermen. This would speed the 

development process by increasing the probability of getting a satisfactory 

feature in a minimum number of testing cycles. Faster development, in turn, 

may encourage participation  

• The tool should display bathymetry more prominently. Although the overlays 

have enough transparency that the prototype’s Google Maps-based depiction of 

bathymetry can be faintly seen through the overlay, this portrayal of bathymetry 

may be easy to miss in the dynamic environment of a moving boat. A 

“Bathymetry” option in the toolbar that would lay prominent bathymetric 

contour lines atop whatever overlay is being displayed would be useful. 

Different levels of resolution should be experimented with, to find the level 

that gives fishermen enough useful information for navigation, without 

cluttering the screen and obscuring the overlays. 



 77 

• The tool should display wind forecasts, probably from the North American 

Mesoscale (NAM) model used by NVS. Wind is a safety and comfort concern 

among fishermen, and a high priority regardless of craft, gear, or target species. 

• The tool should display chlorophyll images from satellites. These need not be 

forecasts, but can be actual images, so long as this is made clear to users 

(possibly by putting forecasts under the heading “forecasts” and putting actual 

readings under a different heading altogether. Making the distinction in the 

“About” page, or another less obvious place could be misleading). To address 

the problems presented by cloud cover, the strategy of allowing fishermen to 

select averages of three days to a month could be employed. 

• The cursor’s lat-long display should also include a numerical display of the 

ocean condition forecast at the cursor’s location for whatever overlay is 

currently selected. 

• The overlay key at the bottom of the page should be darkened, to heighten 

contrast between the overlay and the key, improving ease-of-use. 

• The tool should be explicit about what overlay is being shown at what time. 

Currently, the last overlay to be toggled is the one displayed. While that is 

reflected in the overlay key, it may still not be completely obvious to the user. It 

may be worthwhile, for instance, to highlight the label of the dominant overlay 

in the toolbar. Alternately, we might change the color of the toggle of the 

dominant overlay to red (right now, all active toggles are colored green). 

• A feedback function should be designed to elicit user feedback while the tool is in 

use and the use experience is most fresh in the user’s mind. Placing a clearly 

labeled “Feedback” button on the toolbar itself, rather than at a remove (on the 

“About” page, for example), could encourage such near real-time feedback. 

Such a button might lead to an e-mail form that would allow users to 

contribute comments and suggestions. 

• Finally, the new ocean condition forecasting tool needs a name before its 

general release. The product development team informally referred to it as 

“Shark Eyes.” It may be simplest to stick with this name in the finished 
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product. Alternately, participants might be asked to make proposals, one of 

which might be selected during a group meeting. 

 

5.4 Long-term product goals 

 

Long-term product goals are likely to be among the most advanced, the most 

technically challenging, and the ones that are currently least well-defined. Therefore, most 

will likely need further research before they can become more than speculative; this study 

has only touched on most of these options in passing, if at all. It is possible that some of 

these goals are either unnecessary or impractical, or that if implemented, they will take a 

form different from the one imagined currently. If these long-term goals are pursued, they 

should of course be preceded by additional research into how they might be used, where 

the inputs would come from, and how best to technically incorporate them into the ocean 

condition forecasting tool. Additionally, continuing research and development might give 

rise to features totally undreamt of at the time of writing.  

• Create an “Advanced Options” button that would give fishermen who want 

more information and are willing to explore a way to do so, without cluttering 

up the display and reducing ease-of-use for all users. 

• Allow fishermen to set up individual accounts, where they can customize their 

settings (for example, having latitude and longitude automatically display in 

degrees-minutes-decimal format, rather than the default degrees-minute-

seconds). If the program can recognize individual computers, tablets, or 

smartphones, it might automatically present the user with the customized 

options rather than forcing the user to log in every time he or she accesses the 

site. At a higher level of customization, it might even be possible to allow users 

to alter the contents of the basic menu, the way users of Apple computers can 

alter the contents of their “dock” for easy access to certain features or programs. 

• Experiment with displaying multiple overlays at the same time. Since fishermen 

look for the convergence of favorable conditions, being able to display multiple 

conditions in a way that is not confusing can improve fishermen’s utility. One 
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way to do this is by laying contour line over a false color visualization. Another 

might be to make the display reflect fishing strategies. For example, since 

salmon, swordfish, and tuna fishermen look for “hard breaks” in SST, an SST 

display that only showed hard breaks (as a line of a particular color or pattern, 

possibly) and did not obscure any other selected overlay might be useful.  

• Allow fishermen to look at hindcasts, so they can watch how the models project 

patterns of change in the ocean over time, and can make their own predictions 

based on those patterns. Experiment with ways to display change in forecast 

conditions over time, like a video. 

• Allow fishermen to access the actual readings of remote sensing assets (buoys, 

HF radar, gliders, etc.). Fishermen could compare readings with model output, 

and make their decisions with information about how well the model as 

matched recent actual conditions. 

• Incorporate output from models for sea surface height anomalies, barometric 

pressure, and other ocean conditions that fishermen express interest in. 

• Explore the possibility of models that display sub-surface conditions. While 

these may not be as accurate as surface models, they may be accurate enough to 

provide fishermen with useful information. 

• Explore the possibility of using text messages to deliver small amounts of 

information to fishermen who may be too far out to sea to access the main tool 

easily. An app might allow fishermen to send a text specifying a time and place, 

and get a text back with a relevant forecast. They might alternately be able to 

have the tool automatically text their phones or e-mail them when conditions 

are forecast to meet a certain threshold (either favorable or unfavorable), 

reducing the need for a fisherman to constantly check the ocean condition 

forecasting tool. 

• A program similar to the route finder on Google Maps might be written to help 

fishermen chart the fastest or most fuel-efficient path from one point in the 

ocean to the other, given forecast surface currents. 
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• Researchers might explore the possibility of accessing displays of marine traffic 

from AIS, allowing fishermen to treat ships’ positions and marine traffic 

patterns as another overlay. 

• Researchers may also look into the possibility of displaying marine protected 

areas, ocean energy installations, and other relevant uses of ocean space on the 

display, allowing fishermen to quickly and conveniently take into account 

possible use conflicts when making fishing plans. 

 

5.5 Short-term participation goals 

 

Short-term participation goals should revolve around solidifying interest from 

participating scientists and fishermen. New scientists should be recruited who can provide 

valuable model output and insight into the proper presentation of that model output. New 

fishermen should be recruited who can provide perspectives from different parts of 

Oregon’s commercial fishing community, and who can field test new features of the ocean 

condition forecasting tool. Perhaps most importantly for the immediate future, however, 

new product developers should be recruited to replace the ones lost to graduation. 

Without someone to build the product, the cooperative product development process will 

grind to a halt, so it is imperative to find a new developer or development team as quickly 

as possible.  

The services of a professional developer or a science Faculty Research Assistant 

should probably be retained for this study. The involvement of a professional should mean 

that a higher skill level is brought into the project, permitting faster and more efficient 

development. The long-term engagement of one or more individuals should allow the 

accumulation of intellectual capital necessary for iterative development. Additionally, an 

experienced programmer should have a better ability to estimate how much time and work 

will be necessary to accomplish a given project goal, thus avoiding the need to drop project 

requirements at the last minute and reducing the danger of overpromising and 

underdelivering. 

 



 81 

5.6 Long-term participation goals 

 

Student participation need not end, however – computer science students proved 

immensely valuable to this study, and continuing the cooperative relationship between 

CEOAS and the College of Engineering may prove as beneficial in the future as it has in 

the recent past. Computer science students working on capstone projects may be employed 

in a more limited capacity, perhaps experimenting with ways to meet long-term product 

goals that users do not expect to see in workable form in the immediate future. This would 

allow CEOAS to experiment with speculative features at no financial cost, ensuring that 

financial resources are devoted to projects with more certain costs and benefits. 

Another possibility for student input would be to see if an arrangement can be 

made with OSU’s College of Business similar to that offered by the College of Engineering. 

Although this study is not a for-profit enterprise, it contains elements of product 

development analogous to those found in business, and business literature has contributed 

immensely both to the design of this study and the interpretation of the findings. Business 

students might contribute skills in project management, market analysis, branding, and 

product development. They may even be employed to explore novel financial and 

ownership strategies for the resulting product. 

New scientists should be recruited to act as suppliers for the product, and to 

provide guidance on how model output is employed. Different models will have features 

that only a scientist may be in a position to fully appreciate, and their judgment on how 

well a given model meets the needs of commercial fishermen, and how best to use it in an 

ocean condition forecasting tool will be invaluable. 

It may be necessary to recruit scientists from beyond OSU. NANOOS consists of 

multiple partners, and scientist from across the Northwest may have valuable insights to 

offer. It is conceivable that scientists from outside the region, also, may be interested in 

contributing, or in taking lessons away from this project to apply to work in their respective 

regions. Such parties might be discovered using the greater IOOS network. 

New fishermen should also be recruited to the project. Currently, the views of only 

a small subset of possible users (mostly mid-size crabbers, tuna, and salmon fishermen) are 
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represented. The fishermen which future researchers recruit may have an impact on how 

the tool develops. Researchers may seek to recruit fishermen of a wider variety of craft, 

from large vessels to one-man dories. Alternately, efforts may be made to include fishermen 

who target different species, like shrimp or sablefish. Research may also be expanded to 

other communities, with input coming from Bandon, Reedsport, or Astoria, to name a 

few. 

Throughout their work, researchers should keep in mind that this study is at a 

fundamental level about relationships. While this means making accurate observations of 

relationships, it also means initiating and maintaining the researchers’ own relationships 

with participants. This may be especially important during the early stages of the study, 

before participants from the different communities have had a chance to develop many of 

their own relationships, but it will always be a key element of the researchers’ work. 

Researchers should remain aware of the potential of face-to-face communication to 

enhance rapport with participants, the importance of informal social networks (especially 

among fishermen), and of establishing and living up to the trust of all participants. 

 

5.7 Research goals 

 

This study has given rise to a wealth of observations and possible future lines of 

inquiry. While the fundamental question remains, “How do relationships between 

fishermen, scientists, and developers affect and how are they affected by the cooperative 

development process?” there are a number of new avenues of inquiry that have been 

opened up by this study. 

One of the most important things a researcher can do, for example, is to encourage 

direct interaction between members of the different communities and to observe 

individual relationships as they develop. While this study did attempt to accomplish that 

goal, direct interaction was minimized by the participation of only one scientist as a 

contributor of model output, and by the product development team’s concentration on 

building the fundamental architecture of the prototype, as opposed to focusing on user 

interface issues. As the project attempts to recruit more scientists and as development team 
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members concentrate more on user interface, there may be more opportunities to arrange 

direct interaction. This may take place in formal group meetings, during informal one-on-

one or small group interactions, or even through remote media such as e-mail. Researchers 

can try to find out who develops inter-group relationships and why? What gets in the way 

of inter-group relationships? How do those relationships change over time? 

Researchers should remain aware that their own role in the project may change as 

relationships between participants in the different communities develop. Do researchers 

change from initiating communication and being the main channel by which the groups 

interact to managing inter-group communication and keeping up with the spontaneous 

interactions of participants? Do researchers continue to spearhead product development, 

or do they hand off the reins to a product manager or other party, and focus more on pure 

research? How do those choices affect the cooperative development process? 

Researchers can examine how the medium of communication affects the qualitative 

information gathered from participants, as well as the interactions of participants. The 

expansion of the study to include individuals otherwise unreachable by face-to-face 

interaction might furnish an opportunity to make such comparisons. 

As more participants from different parts of their respective communities are 

recruited, researchers can examine how the information they provide to the researchers 

differ from findings generated by this study. Do shrimpers want something different out of 

an ocean condition forecasting tool than crabbers or tunamen? How do the needs of small 

craft dory fishermen differ from those of fishermen who operate mid-size vessels? Do 

fishermen in Bandon, OR, and other coastal communities differ from Newport fishermen 

in their attitudes towards cooperation? 

Researchers might examine how (and if) scientists’ enthusiasm for direct 

interaction with fishermen changes as their model output is incorporated into the new 

ocean condition forecasting tool and is used by fishermen on a day-to-day basis. As the new 

tool moves from prototype to useable product, do scientists take an interest in product 

design, itself? If so, is their interest limited to presentation of their own model output, or 

does it encompass the entire tool? How do scientists working with NANOOS see this new 
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tool? Is it competition for NVS, or is it a complement to NVS? Do scientists’ attitudes 

change over time, and if so, in response to what? 

Developers also can be asked how their attitudes towards interaction change as 

more of the “back end” work of the new ocean condition forecasting tool is completed and 

the focus moves towards user-interface issues. Professional developers may be interviewed, 

and their responses compared with those of student developers to examine how attitudes 

and motivations differ between the groups. Researchers might examine developers’ 

backgrounds to find out if and how cooperative product development is an element of 

their other work, and how their experiences in other areas affect their actions and attitudes 

when working with fishermen and scientists on this ocean condition forecasting tool. 

As the study expands to include more individuals from all three communities, 

interviews and meetings might be complemented with quantitative research methods such 

as surveys. Such methods may present an opportunity in the future to quickly gather 

information from a large number of participants at relatively low cost of time, energy, and 

money. Since surveys can be conducted online, the researcher need not go to the trouble of 

personally dispensing or even mailing the survey to participants (although the researcher 

should be aware that results represent only those participants able and willing to respond 

to a survey). Results of quantitative methods can be compared with those of qualitative 

methods to develop an increasingly accurate picture of participants. The results of this 

exploratory study can contribute to constructing surveys and choosing survey methods.  

Another, possibly less obtrusive way to get quantifiable results (particularly from the 

users) is the incorporation of automatic feedback functions into the tool itself. NANOOS, 

for example, monitors traffic on its NVS website, allowing for the observation of use 

patterns. However, this monitoring does not differentiate between user groups, making it 

challenging to identify patterns specific to fishermen. Future versions of the tool might 

permit fishermen to set up personal accounts customized to their individual preferences. 

Traffic monitoring could then confirm the needs and preferences of users based on actual 

activity, rather than self-reporting. Privacy would have to be protected, but with adequate 

safeguards such monitoring might present a convenient, unobtrusive, and reliable way to 

observe and respond to the needs of the user group. 
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In the end, future lines of inquiry will be closely intertwined with the development 

of the new ocean condition forecasting tool and communities that contribute to it. The 

interview protocol used for high-turnover development team members recruited from the 

College of Engineering, for example, may be notably different from that used for a 

professional developer retained long-term by the project. This study must be as adaptive as 

the cooperative product development it examines. Future researchers will likely take this 

study in directions that the current researcher cannot imagine, and both the resulting 

findings and the form of the new ocean condition forecasting tool will likely reflect that. 

 

5.8 Final thoughts 

 

 This study may soon be positioned to deliver greater utility to fishermen in the 

form of access to better and more useable forecasts, and to scientists in terms of wider 

impact for their research, and to developers as an opportunity to challenge themselves by 

developing creative solutions to existing technical and user-interface problems. The most 

important benefit of this project, however, may not be observable in terms of tool design or 

model feedback. It may be a shared positive experience between members of two 

communities that are often at odds, and one that had not previously been considered. This 

experience can form the basis of an ongoing, trusting, and mutually beneficial relationship.  

 However, this goal will only be realized if the shared experience actually is positive. 

A perceived failure on the part of fishermen, developers, or scientists to treat one another 

with respect or deliver on their commitments has the potential to damage the process. 

Should the prototype fail to be produced or should it perform badly, the process will, in 

the words of one scientist, “… likely be viewed [by fishermen] as scientists yet again not 

following through.” Alternately, should scientists feel that their work is being misused, 

their own enthusiasm for cooperative product development may dim. Cooperative product 

development is an investment, and like most investments, it entails a degree of risk.  

Once those risks are acknowledged, however, participants can attempt to manage 

them. Continued work in this project should make a priority of maintaining lines of 

communication and of ensuring that development goals are met in a timely and effective 
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manner. As the project progresses, intellectual and social capital is accumulated, and best 

practices are agreed upon and implemented, this may become easier. 

 Successful, mutually beneficial cooperation between academics and scientists builds 

a track record that stands in stark contrast to the conflicts mentioned earlier in this 

document. Positive track records, in turn, provide a basis for trust and a blueprint for new 

cooperative activities. They give skeptics the evidence they need to change their opinions 

and encourage innovators to test new ideas. These are not things that can be necessarily 

measured in the course of a two-year project, but are rather changes that may take place 

over the course of careers and even lifetimes. With careful application and sustained 

commitment, however, the potential of this project and others like it may be limited only 

by participants’ imaginations. 
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APPENDIX I 

Interview protocols for scientists, fishermen, software developers, and group 

interviews 
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A note on interview protocols 

In keeping with the methods described by Berg and Lune (2012), most of the 

protocols used in this study consist of a mixture of “primary” and “probing” questions. 

Questions following a Roman numeral denote primary questions, which the researcher 

made sure to cover at some point in the interview. Those following a lower-case English 

letter are probing questions that the researcher might ask to get a deeper understanding of 

the answer to the primary question to which it is attached. These probing questions may or 

may not actually be asked, depending on the pace of the interview, the remaining available 

time, the need to cover particular subjects, and the interest of the interview participant. 

Spontaneous probing questions inspired by information from the participant were also 

employed. While not shown in the official protocol, they are recorded in the interview 

transcripts.  

 

Scientist interview protocol 

Below is a copy of the interview protocol provided to NANOOS scientists before 

scheduled interviews. 

__________ 

 

Dear __________, 

Thank you for participating in this interview. Below you will find some of the subjects we’ll 

try to cover in this interview. We don’t need to cover them all, though – I’d rather get in-

depth information on a few topics than shallow information on many. Also, if there’s 

anything I’ve missed that you think is particularly relevant, please let me know. 

I. Please share with me your involvement with NANOOS. 

a. What do you do for NANOOS? 

b. How did you get started? 

II. What are the overall goals of the NVS and NANOOS?  

a. Who are the stakeholders/customers of the NVS? 

b. How was it made, who for, and why? 
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III. Have you ever done collaborative work with fishermen? 

a. What was it? 

IV. How would you characterize the relationship between Oregon fishermen 

and the academic community? 

a. Why do you think it is that way? 

b. Can you illustrate with an example? Or a notable exception? 

V. How do the needs of the commercial fishing community fit into the overall 

goals of NANOOS? 

a. How does this project fit into NANOOS’ goals? Does it? 

VI. What do you think of having this product as a stand-alone item, or 

incorporating fishermen-oriented functions into the actual NVS? 

a. What impact would improving NVS utility for the commercial fishing 

community have on other stakeholders in the NVS?  

b. How can negative impacts to other users be identified and minimized?  

c. Are there positive impacts? How would we identify them? 

VII. Anything else? 
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Fisherman interview protocol 

 Below is a copy of the interview protocol I attempted to provide to each fisherman 

before our scheduled interviews. As some fishermen were unreachable by e-mail before the 

date of the interview, not all received it beforehand, but the interview protocol was 

followed, anyway. 

Question 2 specifically mentions crab and tuna fishing, which not all fishermen 

could be assumed to be familiar with. These two fish were chosen because they are 

commonly caught by Oregonian fishermen, but if they were not mentioned in the 

fisherman’s answer to his first question, two prey species that the fisherman did mention 

were substituted, instead. 

__________ 

 

Dear ___________, 

Thank you for participating in this interview. Below you will find some of the subjects we’ll 

try to cover. We don’t need to cover them all, though – I’d rather get in-depth information 

on a few topics than shallow information on all of them. Also, if there’s anything I’ve 

missed that you think is particularly relevant, please let me know. 

 

I. What sort of fish do you catch and how (pots, longlining, trawling, etc.)? 

II. What sort of information regarding ocean conditions do you use to make 

plans and decisions about going out on, say, a crab fishing trip?  How would 

this be different if it was a tuna trip?  

III. How do you monitor/forecast ocean conditions? 

a. How often? When? 

IV. Where do you get information to help you plan a trip? Do you use any sort 

of information tools (ex. NOAA weather service, commercial forecasting 

tools, etc.) to keep track of ocean conditions? 

a. If so, what do you like and dislike about these tools?  

b. If you could change these tools, how would you change them?  
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V. Do any of these tools provide real-time information or forecasts on ocean 

conditions? 

VI. Have you ever used the NANOOS Visualization System (NVS)? 

a.     If so, how does the NVS compare to your current means of getting 

information about and/or forecasting ocean conditions? 
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Members of the Development Team 

Below is a copy of the interview protocol I provided to members of the software 

development team at our scheduled interviews. The opening of this protocol differs from 

those provided to scientists and fishermen in that it includes a scripted mention of the 

exemption from the normally required waiver of informed consent, and the assurance that 

no personally identifying information will be used. While not written into the protocol for 

the other two types of interview participants, both statements were made verbally, and are 

present in the interview transcripts. 

__________ 

Thank you for participating in this interview and for allowing yourself to be 

recorded. Although this project is exempt from the normal requirement for a waiver of 

informed consent, I will put my personal assurance on record that this information will be 

used exclusively for the purposes of the study, and that no personally identifying 

information will be included in the published study without your express permission.  

Below you will find some of the subjects we’ll try to cover in this interview. We 

don’t need to cover them all, though – I’d rather get in-depth information on a few topics 

than shallow information on many. If there are a few points you think are important, don’t 

wait for me to ask about them – just start talking. Also, if there’s anything I’ve missed that 

you think is particularly relevant, please let me know. 

I. For purposes of the interview, could you quickly tell me about your 

background and your role in this project? 

a. Why did you get involved in the project? What were your expectations? 

II. Do you identify as an academic? 

III. Have you ever done any work in product development? 

a. Collaborative product development? 

b. What makes collaborative development work or not work? 

IV. Have you ever done any work with fishermen? 

a. What was it? 
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b. How would you characterize the relationship between academics and the 

fishing community? 

i. Why is it that way? Examples? 

V. Do you think that you’ve had enough exposure to fishermen during this 

project?  

a. What sort of interactions do you think would be ideal? 

b. Do you see any challenges to this sort of interaction? 

VI. Were your expectations of this project met? How/how not? 

VII. How would you change this project if you could? 

a. Do you think this is a project that can/should continue?  

b. What would it take to make it have a future? 

c. If so, how to incorporate lessons learnt into that future? 

VIII. What do you think of having this product as a stand-alone item, or 

incorporating fishermen-oriented functions into the actual NVS? 

IX. Are there lessons from this project that can be applied to other areas of 

user-producer product development? What are they? Why are they 

important? 

X. Anything else? 

 

 

 

 

 

 

 

 

 

 

 

 



 100 

Newport Meeting 1 

Below is the protocol for the first Newport meeting, held the 5th of December, 2012 

__________ 

 

Group meetings shall be semi-structured, allowing for a brisk interchange of ideas 

among fishermen. The researcher shall act as a facilitator and observer, recording the 

statements of fishermen, reactions to those statements, and general notes about the 

meeting’s attitude, productivity, etc. Though the researcher may attempt to stimulate 

conversation or keep meetings from getting off topic, he should keep his active 

involvement to a minimum, allowing meeting participants the freedom to address issues as 

they see fit (hence the paucity of “seed questions” described below). 

When holding meetings, researcher shall try to arrange for a representative of 

NANOOS, preferably one with a good technical grasp of the NVS (like REDACTED FOR 

PRIVACY) to be present. This representative will attempt to answer fishermen’s questions 

and engage fishermen in discussion of the NVS, its capabilities, and the ability of 

NANOOS to modify the NVS to better suit the needs of the fishermen. In the absence of 

such a representative, the researcher should fill that role. 

Meetings are planned to open with an introduction of all attendees, followed by a 

quick demonstration of the NVS in its current form. For ease of presentation, the image 

from the NVS (which is accessible via a computer with an internet connection) should be 

projected onto a screen. Fishermen will then be encouraged to explore and evaluate the 

NVS’s capabilities and engage in discussion of the NVS and the collaborative design 

process. 

Large posters depicting screenshots of various overlays available on the NVS will 

permit fishermen to examine different aspects of the NVS without having to crowd around 

a computer screen. Also, interactive group access to the NVS and other online tools will be 

provided using a projector attached to a computer with internet access. This will allow 

fishermen to project an image of the NVS or other online tools they used onto a large 

screen to aid in group discussion. 
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“Seed questions” to get discussion started or encourage it should it lag are as 

follows: 

 

• What do you like about the NVS? 

• What would you change about the NVS? 

• What would you use the NVS for? 

o How could the NVS be tailored to those purposes? 

• What do you want to get out of the NVS? 

• What is the best way for us all to plan the next iteration of the NVS? 
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Newport Meeting 2 

This meeting, occurring on the 24th of December 2013, was divided into three 

parts. The first was introductory, describing the project and the purpose of the meeting. 

The second part was confirmatory, in which findings from previous interviews were 

presented to the fishermen for their critique. The third part was exploratory, in which 

fishermen discussed the sort of features they would like to see in a new ocean information 

tool. In practice, the second and third parts had considerable overlap, but this was 

expected. Although probing questions were asked in response to fishermen’s statements, 

the only planned one was “what features would you like to see on a new ocean condition 

information tool and why?” which opened up the third section. 

The same screenshot posters of the NVS used in the first meeting were provided at 

the second meeting, as well as a projector attached to a computer with internet access. This 

allowed fishermen to project an image of the NVS or other online tools they used onto a 

large screen. 

 Although not written into the official protocol, the meeting opened up with each 

attendee introducing him/herself, as in the first meeting. 

__________ 

 

1. 0-3 min.   For starters, I’d like to thank everyone for taking the time to 

attend this meeting and help us with this project. Most of this meeting is 

unplanned, it’s an opportunity for people to have a discussion and share ideas, but 

I’d just like to take five or ten minutes at the front end to make sure that we’re all 

on the same page. 

a.  We’re trying to build an online tool for Oregon fishermen to better predict 

and monitor ocean conditions. We currently have a tool that’s being used 

by oceanographers, called the NVS, that we’re sourcing our data and 

models from, and that we’re using as our starting point. You can find the 

site online – it’s publicly available and free for anyone to use, just like we’re 

planning to have this tool be.  
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b. The feedback that we get from the fishing community is going to be used to 

design a tool that reflects the needs of fishermen, in particular. One of the 

purposes of this meeting to ground-truth findings from individual 

interviews, and to start generating an idea of what the actual product will 

look like. 

c. Myself, I’m a graduate student at OSU and building this tool is a part of my 

graduate work. Many of you already know Flaxen Conway from Scientists 

And Fishermen’s Exchange meetings, the Director of OSU’s Marine 

Resource Management program, which I’m in. Anyone who hasn’t been to 

one of those meetings, I recommend it, I’ve been to one and I’d love to be 

invited to the next. Craig Risien does a lot of the technical work behind the 

NVS website. Finally, Kevin Rich is one of the computer science students 

we’ve engaged to build the new tool. 

d. Finally, I’d like to ask if you’re all comfortable with me recording what’s 

said at this meeting. If one person doesn’t want me to, I’ll just take notes, 

but I prefer the recording because it makes me stay true to what you actually 

said, rather than what I think you said. I’ll use my notes and recordings for 

my research only – I won’t put any identifying information or quotes or 

that sort of thing in the published report without contacting the person 

who said it and making sure that that’s OK. And if there’s anything you 

want me to erase from notes or audio when we’re done talking, just let me 

know. Is that alright with everyone? 

 

2. 5-15 min.  Present findings. 

I. The fishing community is diverse 

II. When fishermen make decisions. 

a. Most fishermen state that they check the weather frequently, and 

appreciated frequently updated sources of information. Decisions 

can be made over a very short- term period.  
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III. Information needed and wanted by the fishing community to make 

decisions.  

a. Fishermen consistently said that they want as much information as 

they can get.  

b. Word of mouth is also an important source of ocean condition 

information, as well as information on new tools.  

c. Fishermen also expressed an interest in constant geographical 

representation of location in any given overlay.  

d. Fishermen stated that overlay resolution can be an important issue 

for particular fisheries.  

e. The state of the harbor entrance was a point of particular concern.  

f. Fishermen often expressed interest in water column conditions.  

IV. Existing tools / sources of information 

Fishermen rely on a variety of tools to determine ocean conditions and 

make decisions. In addition to personal observations, word-of-mouth 

reports (described later), NOAA radio (general weather and specific buoy 

reports), and television weather reports, fishermen rely on the following 

commercial and gratis internet sources: 

a. Terrafin (terrafin.com) 

b. Magic Seaweed (magicseaweed.com) 

c. NOAA 

d. Sea View 

e. Swellwatch (forecasts.surfingmagazine.com) 

f. Wet Sands 

g. ODOT (tripcheck.com) 

h. AIS (marinetraffic.com) 

i. Buoy Weather (buoyweather.com) 

j. Fish Track (fishtrack.com) 

k. ORCOOS 
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l. Ocean Weather, Inc. (oceanweather.com)[not actually reported by 

fishermen, but the researcher found it on his own and considered it 

a product that fit the general profile. Thus, it might be in use in the 

fishing community] 

V. Existing Challenges /Restrictions 

a. Fishermen noted that data needs regularly changed, as ocean 

conditions and target species changed over the course of the year.  

b. Skeptical of forecasts  

c. Fishermen point out that they do not think in the same spatial 

terms as the oceanographers and technicians for whom the NVS was 

originally planned.  

d. Fishermen also have various hardware restrictions. No internet at 

sea, cell vs. satellite, etc. 

VI. Desires for a new tool 

a. Fishermen stated that overlay resolution can be an important issue 

for particular fisheries.  

b. Fishermen point out that they do not think in the same spatial 

terms as the oceanographers and technicians for whom the NVS was 

originally planned.  

c. Fishermen also expressed an interest in constant geographical 

representation of location in any given overlay.  

d. Fishermen stress that simplicity and ease of use is important in the 

design of a new data tool.  

e. Fishermen have expressed an appreciation for frequently updated 

material.  

f. Fishermen generally expressed approval of the basic setup of the 

NVS’s use of visual representation of ocean conditions.  

 

3. 15-60 min.  Discussion of parameters for tool. 
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Newport Meeting 3 

 

The original plan for the third meeting had been to present the prototype to the 

attending fishermen, explain it to them, and then ask a set of very basic questions, moving 

on to unplanned probing questions as the opportunity arose. However, in consultation 

with the attending member of the software development team, it was decided that the 

fishermen should first be presented with a choice – to have the researcher and developer 

walk them through the features, or to start exploring the prototype on their own, and allow 

the meeting to proceed organically from there. The fishermen elected to take the second 

option. Despite the unstructured opening of the meeting, the researcher did make sure to 

ask all of the following questions as the opportunity arose, although due to the 

opportunistic nature of the questioning, they were not necessarily asked in the planned 

order. Due to the small size of the group, the familiarity between the fishermen and the 

researcher (all three attending fishermen knew each other, had participated in interviews 

and at least one group meeting already), and the fishermen’s expressed desire to get quickly 

to an examination of the prototype, introductions were quick and informal. 

__________ 

 

I. What do you like about this tool? 

II. What do you dislike? 

III. How useable is this? 

a. In its current state, is the tool more useful to some types of fishermen 

than others? 

IV. How intuitive is this? 

a. Should we add instructions or some sort of tutorial? 

V. What are the ocean conditions you think we should add next? 

VI. What features do you think we should add next? 
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Flier for the first Newport meeting 
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APPENDIX III 
A review of online ocean information tools mentioned in fishermen’s 

interviews 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 110 

Terrafin 
Website:  www.terrafin.com 
Area covered: East and West Coasts of the continental United States, for Alaska, 

Hawaii, Mexico, Central America, Brazil, and Venezuela 
Price:   $99/year 
Smartphone app: Yes 
 The most commonly mentioned online ocean condition information service 
mentioned in interviews with fishermen was Terrafin, with the greatest number of 
mentions by participating fishermen. While not all fishermen interviewed made use of 
Terrafin, it was universally recognized. Use did not correspond with any particular type of 
fisherman (i.e., salmon fishermen, crabbers, etc.).  
 Terrafin is not a forecasting tool, but instead displays readings of actual ocean 
conditions detected by NOAA and NASA satellites. This makes it vulnerable to 
interference by cloud cover, which results in blank spaces on its overlays. Overlays are rated 
by the company relative to the amount of cloud cover interfering with the image. To 
compensate for cloud cover, the company also provides composite images, incorporating 
relatively low-resolution data from microwave readings (not blocked by cloud cover) into 
their regular images. Ocean conditions covered by Terrafin include sea surface height, 
chlorophyll, currents, and sea surface height anomalies. Other features of the product 
include the ability to examine past ocean conditions, either as static images or as a 
continually playing loop that displays conditions over a series of consecutive days, as well as 
trip planning tools 
 
Ocean Imaging 
Website:  www.seaviewfishing.com 
Area covered: global 
Price: $368/month, to $2,359 for 8 months pre-paid, plus a one-time $99 

software download. 
Smartphone app: No 
 This company has two iterations of a product called “Sea View” – one for 
commercial fishermen, and one for sport fishermen. Sea View was more popular among 
swordfish and tuna fishermen interviewed than among nearshore crabbers and salmon 
fishermen. It is not a forecasting tool, but instead shows near-real-time and recent history 
data. It is designed with the limitations of offshore fishing (and reliance on satellite phone 
connections) in mind. An initial program is downloaded onto a shipboard computer, 
which interprets the compressed data sent through the satellite phone network and 
displays it in the form of an overlay. Data is sourced from satellite imagery, including 
NASA, NOAA, and ESA satellites. Ocean conditions covered include sea surface 
temperature (single-pass, multiple image composite, and microwave composites), 
chlorophyll, currents, sea surface height anomalies, mixed layer depth, wind speed and 
direction, and wave heights. Conditions can be displayed as false color visualizations, or as 
contour overlays, allowing overlays to be laid over one another simultaneously.  
 Another distinguishing feature of this product is the personal access that fishermen 
have to the technician who maintains and develops the tool. Fishermen using this tool 
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reported having had personal communication with the technician regarding issues of 
technical support, advice on how to use the product most effectively, and on at least one 
occasion a notification of particularly favorable conditions in the participating fisherman’s 
area. 
 
 
Magic Seaweed 
Website:  www.magicseaweed.com 
Area covered: Coastal conditions at selected spots worldwide, some regional 

displays (including Pacific Northwest waters) 
Price:   free (premium access $2.89/month) 
Smartphone app: yes 
 This ad-supported website was originally designed for the benefit of surfers, but has 
been used by Oregon crabbers as a free source of information on nearshore ocean 
conditions. The product draws data from local assets such as buoys to manufacture 
forecasts. The product displays ocean conditions including wind speed and direction, tides, 
cloud cover, swell height, speed, and direction, sun and moon data, air temperature, and 
where possible, webcam coverage of local surf conditions. 
 Other features of the product include a “level of confidence” display accompanying 
each localized forecast, storm tracking functionality, and social media functions such as 
video and photo uploading. The product also includes large-scale forecasts in the form of 
overlays (including one for the Pacific Northwest region), which can be displayed both 
statically and as a video. Access to forecasts in excess of a week are reserved for premium 
subscribers. These large-scale forecast overlays cover swell, swell period, wind speed and 
direction, air pressure, and sea surface temperature. 
 
 
Buoy Weather/Fish Track 
Website:  www.buoyweather.com / www.fishtrack.com/# 
Area covered: global 
Price: free for 2-day forecasts, $14.95/month or 79.95/year for premium 

access  
Smartphone app: yes, for premium users 
 Only one fisherman reported using Buoy Weather or its sister site, Fish Track and 
expressed mixed reactions to it. These sites use data from buoys, satellites, to provide seven-
day forecasts for customer-selected locations, as well as providing historical data for those 
locations. These sites also use model output from the North American Mesoscale (NAM) 
model and the Global Forecasts Model (GFM) provided by the National Centers for 
Environmental Prediction among other sources. These sites also allow users to save these 
spots in their account for quick and easy access to localized weather forecasts. Both sites 
feature tutorials that guide users through the sites’ various features. 

Buoy Weather provides free localized weather forecasts for up to two days in the 
future, rating morning and afternoon conditions for safety, as well as providing morning 
and afternoon information on wind speed and direction and wave height, direction, and 
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period. The tool also provides free regional near-real-time overlays of wave height, swell 
window, wind speed and direction, cloud cover, and air pressure through links to a surfing-
oriented service called Surfline (not mentioned by any of the participating fishermen).  

Fish Track, by contrast, provides access to weather cameras at various points along 
the coast, suggestions on how to use ocean condition information to catch fish, and a 
social forum for fishermen to share stories and photos. The site also features a display that 
tracks the movements of a pair of tagged mako sharks off the coast of California. 

Premium content includes access to tides, moon activity, reports from individual 
buoys, satellite views, chlorophyll charts, salinity, mixed layer depth, sea surface height 
anomaly, sea surface temperature, wind speed and direction, and wave height and period. 
Historical data is also premium content. In addition to collecting revenue from members, 
both sites are ad-supported. 
  
 
NOAA National Weather Service marine forecasts 
Website:  www.nws.noaa.gov/om/marine/home.htm 
Area covered: global 
Price:   free 
Smartphone app: uncertain 
 While most fishermen cited NOAA radio as a regular source of information, fewer 
reported making regular use of the organization’s online data resources, citing lack of 
temporal and spatial resolution and usability issues. The National Weather Service’s 
marine forecasts were occasionally consulted, with the National Data Buoy Center being 
somewhat more popular as a source of near real-time data on ocean conditions. In addition 
to providing data from buoys, NOAA also serves as a portal for data from satellites, gliders, 
radar stations and a variety of other sources. Information is presented both in text and 
graphic (generally overlay) form, and the scale of forecast ranges from highly localized to 
global. Some graphic displays are static images, while others display changing conditions 
over time. Ocean condition parameters measured include wind speed and direction, 
current speed and direction, sea surface height anomaly, sea surface temperature, air 
pressure, wave height, period, and direction, salinity, and tides. NOAA is experimenting 
with an online marine information portal that relies on overlays with a “table of contents” 
bar for selecting parameters to view located on the left-hand side of the screen, a design 
similar to that found in the NVS.  
 
 
Marine Traffic/AIS 
Website:  www.marinetraffic.com/en 
Area covered: global 
Price: free (basic), €15/month (premium), €89/month (professional), 

€299/month (satellite) 
Smartphone app: yes 
 This subscription and ad-supported product (referred to both as “Marine Traffic” 
and “Automated Identification System” [AIS]) is geared towards operators of marine 
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vessels, which use AIS to track the movement of other vessels and to signal their presence 
to other vehicles, generally in coastal waters. While the primary benefit is ostensibly to help 
avoid collisions at sea, it also permits fishermen to track each other’s movements. By 
watching the movements of other fishing vessels, fishermen can make inferences about 
each others’ activities and whether the fishing around each others’ vessels is good or not. It 
can also help fishermen to place peer-to-peer communications in context, and establish a 
record of their own movements and those of others for future analysis. 
 Vessels are represented at sea by small arrow-shaped icons projected onto a Google 
map. Vessels are color-coded to the type (fishing, freight, etc.). Clicking on the icons draws 
up basic information about the vessel (name, dimensions, speed and direction, etc.), as well 
as a list of further actions, such as observing the vessel’s movements over its recent history, 
represented by a line with arrows overlaid onto the map. Users can also find text-based 
records of vessel movements, establish straight-line distance between a given vessel and any 
point on the map, automatically search for nearby vessels, or add a given vessel to a 
preferred list for convenient observation.  
 The left side of the screen has a toolbar, which includes a search function for 
vessels, ports, and locations on the map. Filters can be applied to eliminate certain classes 
of icons (navigational aids, for example), while leaving other icons. A “Layers” function 
permits wind forecasts, as well as giving users the option of including more icons on their 
map to represent ports, stations, lights, and points selected by the user. User-selected points 
(including photos) are recorded on individual accounts. Density maps project an overlay 
indicting marine traffic density over the last three months, allowing users to identify areas 
of heavy and light traffic at sea. 
 Accounts are tiered, with increasing subscription fees allowing users more 
functionality, though largely in degree, rather than kind of service. For example, free users 
can observe a vessel’s history up to three days in the past, while premium users can look 
back fifteen days, and professional and satellite users can look back 60 days. The accounts 
also provide access to increasing levels of automated e-mails and text notifications of vessel 
or port events from the product. Paying subscribers have access to ads-free versions of the 
site, as well as increased levels of tech support and more frequent auto-refreshing of data 
represented on the site. Satellite subscribers also can track vessels globally, rather than just 
in coastal waters. 
 
 
SwellWatch/Wet Sands 
Website:  forecasts.surfingmagazine.com 
Area covered: global 
Price: free 
Smartphone app: no 
 SwellWatch (also called “Wet Sands”) is a service provided through Surfing 
Magazine’s ad-supported site. Only one fisherman reported using it. Originally intended for 
the surfing community, SwellWatch provides users with access to information on swell 
height and period, as well as wind speed (in feet, seconds, and knots, respectively). The 
primary display is a world map with the aforementioned ocean conditions displayed as false 
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color visualizations resembling the NVS overlays. Forecasts are presented for midnight, 
noon, and six in the morning and evening for one week into the future, and forecasts for 
these different times can be selected from a display bar at the bottom of the map. By 
clicking on a green arrow in the upper-left corner of the map, users can automatically cycle 
the display through the entire week’s worth of forecasts, giving the impression of a video. 
 Users can choose to examine preset displays of different regions of the nearshore 
sea (for example, the Oregon coast), which gives a higher resolution view of ocean 
conditions than the global display. However, users cannot zoom in or out with these 
displays, nor can they re-center the displays over particular areas of interest. These regional 
displays are accompanied with charts displaying swell height and period, and wind speed 
and direction. A tide chart is also included (in the case of the Oregon display, the tide 
predictions presented are for Bandon, OR). A basic weather forecast detailing air 
temperature highs and lows, as well as predicted cloud cover and precipitation is sourced 
from Accuweather.com. 
 The site also provides access to output from buoys, which provide users with 
nowcasts of local ocean conditions. The site also maintains a twenty-four hour record of 
buoy output to help users identify trends. 
 Users of SwellWatch have the option of registering for a free account which allows 
them to customize their use of the website. On personal accounts, they can save views of 
forecast conditions and log swell and wind conditions in certain areas for later comparison. 
 
 
Trip Check 
Website:  tripcheck.com/Pages/RCMap.asp?curRegion=0 
Area covered:  Oregon 
Price: free 
Smartphone app: no 
 One fisherman reported using the Oregon Department of Transportation’s 
(ODOT) “Trip Check” website to get information on ocean conditions. The website 
provides information on weather conditions such as wind speed and direction and 
precipitation, and provides near-real-time readings from various Oregon weather stations in 
text format. Weather forecasts on Trip Check are provided by NOAA. The fisherman said 
he made more use of ODOT’s weather cameras than any other feature of the site. In 
particular, the cameras set on the Yaquina Bay bridge and jetty provided him with a near-
real-time visual image of conditions at the harbor mouth. 
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APPENDIX IV 

Proposed “About” page for prototype 
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SharkEyes is a tool designed to help Northwest commercial fishermen make the most of their 
trips. It is designed by Oregon State University students in cooperation with members of the 
Oregon fishing community to reflect the needs of fishermen for accurate information in an easy-
to-use, intuitive format. Currently it only offers users a few types of data, but as the project 
continues to evolve we plan to add both more data (wind forecasts and chlorophyll displays, for 
example), and more features without sacrificing ease-of-use. 

  Currently, Shark Eyes 
portrays nowcasts and forecasts 
of sea surface temperature 
(SST) and the speed and 
direction of currents. This 
information is derived from a 
computer model called the 
Oregon State University 
Regional Ocean Modeling 
System (OSU ROMS), 
provided by Oregon State 
University Coastal Ocean 
Simulator, found at 
http://www-
hce.coas.oregonstate.edu/
~orcoss/ACTZ/
SSCforecast.html. These 
forecasts are updated daily at 
12:15 PM.  

DISCLAIMER:  
The results displayed here are an experimental product.  In no event will the producers, 
managers, or web hosts be liable for any direct, indirect, incidental, consequential, special 
or exemplary  damages or lost profit resulting from any use or misuse of these data.   

Currently Available: SST and currents 
 

About SharkEyes 
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 An important part of the input to the model is a 5-day record of winds over the Oregon coast. 
This record is derived from an operational weather forecast model and covers the past two days and 
the forecast for the coming three days. Each day, the model takes this record and its previous estimate 
of the ocean state from two days before, and combines it with a mathematical representation of the 
physical principles for fluid motion. The result is each day, a 3-day nowcast and forecast record is 
generated. 

 To improve accuracy of forecasts, the model ocean estimate is optimally combined with recent 
observations. Initial conditions for the forecasts are constrained by assimilation of surface currents 
measured remotely by high-frequency (HF) radars installed along the coast and satellite-derived SST 
fields. Description provided by the Northwest Association of Networked Ocean Observing Systems, 
http://nvs.nanoos.org!

Coming Up: Wave height, direction, and period 
  

 We have also recently gotten permission to display nowcasts and forecasts of wave height, 
period, and direction produced at Oregon State University using the Wavewatch III model. This 
model allows for a 1-week nowcast and forecast. While information on wave activity may not directly 
help fishermen find fish, we hope it can assist fishermen when making safety decisions both before 
and during a voyage. 

 A description of Wavewatch III provided by the developers is shown below, and the original can 
be found at http://polar.ncep.noaa.gov/waves/wavewatch/index.shtml. 
 
 
 
 

 WAVEWATCH III® (Tolman 1997, 1999a, 2009) is a third generation wave model developed at 
NOAA/NCEP in the spirit of the WAM model (WAMDIG 1988, Komen et al. 1994). It is a further 
development of the model WAVEWATCH, as developed at Delft University of Technology (Tolman 
1989, 1991a) and WAVEWATCH II, developed at NASA, Goddard Space Flight Center (e.g., Tolman 
1992). WAVEWATCH III®, however, differs from its predecessors in many important points such as 
the governing equations, the model structure, the numerical methods and the physical 
parameterizations. Furthermore, with model version 3.14, WAVEWATCH III® is evolving from a 
wave model into a wave modeling framework, which allows for easy development of additional 
physical and numerical approaches to wave modeling. 

 WAVEWATCH III® solves the random phase spectral action density balance equation for 
wavenumber-direction spectra. The implicit assumption of this equation is that properties of medium 
(water depth and current) as well as the wave field itself vary on time and space scales that are much 
larger than the variation scales of a single wave. With version 3.14 some source term options for 
extremely shallow water (surf zone) have been included, as well as wetting and drying of grid points. 
Whereas the surf-zone physics implemented so far are still fairly rudimentary, it does imply that the 
wave model can now be applied to arbitrary shallow water. 
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Features of Shark Eyes 
 Shark Eyes displays ocean condition forecasts as a simple 

collection of overlays projected onto a Google Map. The menu 
displayed on the left hand can easily be hidden using the “Hide” 
button at the top, allowing fishermen to maximize the amount of 
the screen providing information, an important feature for those 
relying on smaller screens, such as tablets and smartphones. A lat-
long grid automatically appears on the map, but can be removed 
using the options on the menu. 

 The menu features large, clearly marked toggles to promote 
ease of use in dynamic conditions (such as a violently pitching 
boat, for example). Multiple overlays can be selected at once, but 
the most recently selected overlay rests atop the others, and is 
accompanied by the key at the bottom of the window. The menu 
also features a pair of lat-long coordinates that indicate the 
position of the mouse on the map.  

 At the bottom of the window users will find a key which 
accompanies each overlay, and which helps users to understand 
the information presented in the overlay. The key corresponds 
with whatever toggle has been most recently switched on. For 
example, if one was looking at currents, then decided to switch to 
SST, the key would change from a collection of arrows that depict 
current speed to the temperature color bar below. 

Long-term plans 
 We plan to grow Shark Eyes from a humble dogfish into a mighty whale shark, and 

that means working closely with scientists and fishermen to get the best data and forecasts 
and to find new and improved ways to help fishermen interface with it. A few new 
developments we’re looking at include: 
  

 New ocean condition variables 
 As we’ve already mentioned, we’re looking forward to incorporating output from the 

Wavewatch III model, which should allow us to display forecasts of wave height, direction, 
and period, and hopefully improve safety in one of the Northwest’s most dangerous 
occupations. 
!



 119 

 

 

 

 

 

 

  

  We also plan to include satellite pictures of chlorophyll from NASA and NOAA satellites. These 
won’t be forecasts, but pictures of actual chlorophyll, which fishermen can use to make their own 
predictions when hunting chlorophyll-associated species like tuna or salmon. 

 Finally, we hope to incorporate wind forecasts from the North American Mesoscale (NAM) 
model. Wind plays a large role in determining the proper handling of a vessel, and the fishermen we’ve 
spoken to have expressed a strong interest in having that information conveniently accessible. 
We’re looking at many other variables to include further down the road. Contact us to find out more! 
 

 New features 
 Next to the display that shows the mouse’s lat-long, we also plan to display the forecast 

information for all active variables. For example, if “SST” and “current speed and direction” have been 
toggled “on,” a user should be able to see the SST and current speed and direction for the lat and long 
corresponding to the position of the mouse on the map. 

 We also want to design an easy-to-use feedback mechanism that allows fishermen and scientists to 
contribute to the continuing development of Shark Eyes without having to be physically present. Right 
now, we’re relying largely on information from OSU scientists and Newport fishermen, but if we want 
to reflect the needs and capabilities of fishermen and scientists along the entire Northwest coast, we 
need to give them a chance to participate without the time and expense of face-to-face interaction. 
Finally, we want to allow fishermen to interact meaningfully with multiple overlays at the same time. 
The fishermen we’ve worked with use information on a variety of factors to make decisions, and 
allowing users to access multiple overlays at the same time can make it easier to observe the ways 
different ocean condition parameters correspond with each other, and to evaluate their relative 
importance at different times and places on the ocean. Displaying SST as a false color visualization and 
Sea Surface Height (SSH) anomaly as a series of contour lines, for example, could allow tuna fishermen 
to better narrow down their search for the best fishing conditions by clearly displaying where sharp 
temperature and SSH gradients overlap. 
 

 Contact Information 
Name    Position    E-mail 
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Field test protocol 

 

Goals 

The purpose of the field test is to get feedback from commercial fishermen on 

alterations needed to the ocean condition forecasting tool prototype to prepare it for 

general release. While participants may provide feedback relevant to long-term product 

goals (e.g., desires for additional features or forecasts), the field test protocol focuses on the 

short-term changes that need to take place in existing features to make the prototype useful 

to fishermen. 

 

Participants 

 Participants in a field test of the prototype should be limited to a select group of 

commercial fishermen who have already participated in this study through interviews and 

meetings. They should have demonstrated enthusiasm for this study, and have a good 

record of previous experience with the scientific community. They should also be 

representative of fishermen who have participated in this study, to ensure that feedback is 

consistent with the fishermen inputs that contributed to the design of the prototype. This 

means that participants should include members of the crabbing, salmon, and tuna fishing 

communities.  

In order to quickly and conveniently collect feedback, as well as to limit the 

possibility of exposing the prototype to the larger fishing community before it is ready, the 

number of participants should be small. Three participants have already volunteered to 

field test the prototype, and two other likely candidates exist to complete a group of five 

testers. For purposes of confidentiality, names are not included in this document. 

 

Field Test Procedure 

 Once the prototype has been prepared for field testing (see “Conclusions” in the 

main body of the thesis), participating fishermen should be given access to it. Initial 

impressions of the prototype should be collected to inform design for the releasable version 

of the tool. Since a member of the study will not be able to introduce every new fisherman 
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to the tool when it is released, it will have to make a good first impression on new 

fishermen unaided.  A small meeting in Newport may allow a researcher to collect these 

impressions, and subsequently to answer participating fishermen’s questions and provide 

any necessary information about either the prototype or the field test. 

 The meeting room above Englund Marine has been used before in this study, and 

may serve as a good site for this meeting (though researchers should make sure to ask 

Englund Marine for the wi-fi password when reserving the space, especially if the 

reservation is after working hours). Alternately, the Sea Grant office in Newport may be 

willing host a small meeting, or participating fishermen might be able to suggest or provide 

venues of their own. 

 Fishermen who had volunteered to field test the prototype were consulted on the 

design of the field test, and approved of the idea of a small group meeting in Newport 

during November. As the crabbing season would be the first significant opportunity to test 

the prototype, and as the first few months of the season are generally extremely busy for 

crabbers, it was suggested that feedback on the performance of the prototype be collected 

through telephone interviews rather than in face-to-face interactions. Fishermen expressed 

a strong preference for a group meeting, however, citing opportunities to discuss the 

prototype with peers and to use the prototype and other visual aids to improve clarity of 

communication. Instead of individual telephone interviews, they proposed another 

meeting to take place in Newport after at least one week of active fishing and on the first 

day with weather so foul as to keep the better part of the fleet in harbor. A forecast of 

winds above forty to fifty miles per hour, or thirty miles per hour if paired with swells in 

excess of fifteen or sixteen feet were proposed as favorable conditions for a meeting. Given 

the importance that fishermen placed on “squares” of wave height and period (see “Results 

and Discussion” in the main body of the thesis), forecasts of wave height in feet equaling or 

exceeding wave period in seconds might also be considered favorable conditions for a 

meeting. 

 A weather-dependent plan like this, however, would demand a great deal of 

flexibility from a researcher – possibly more than is compatible with a researchers’ other 

obligations. Even with forecasting technology, the researcher would only be able to 
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schedule a meeting a day or two in advance, and if the forecast proved inaccurate the entire 

meeting might be called off at the last moment. What is more, it is possible that foul 

conditions might strike while fishermen are at sea or in a distant harbor, and would thus 

actually prevent fishermen from participating in a meeting. A meeting might be an efficient 

way to collect feedback and might enjoy better quality of communication, but it also has a 

high enough built-in degree of uncertainty that a backup method of collecting feedback 

should be prepared.  

In the event that a meeting cannot be held within the first three weeks of the crab 

season (to make sure that impressions of the prototype are still fresh), researchers should 

try to convince participating fishermen to provide feedback via semi-structured individual 

interviews conducted over the telephone, instead. The same list of questions prepared for 

the group meeting may be used as a protocol for telephone interviews. 

 Feedback from all meetings and telephone interviews should be recorded and 

transcribed. It should then be coded in a manner consistent with the grounded theory 

techniques established earlier in this study (see “Methods” in the main body of the thesis). 

Results should also be presented to participating fishermen for participant validation. 

 Fishermen consulted on the structuring of the field test also suggested that the 

most useful feedback provided during the crabbing season would concern the prototype’s 

forecasts of surface current speed and direction, rather than SST. This is because crabbers 

tend to rely more on currents than on SST in their day-to-day business. Fishermen 

suggested that another field test take place during the spring salmon season (roughly March 

to May), in order to collect higher-quality feedback on SST. It is possible that meetings for 

a spring field test could also be a convenient time to validate findings from a winter field 

test. 

 

Protocol 1: Initial Meeting 

This meeting, like previous group meetings in this study, should be semi-structured, 

in order to ensure that the researcher collects and imparts necessary information while still 

giving participants the opportunity to engage in active dialogue and address unscripted 

issues. The meeting should take place in Newport, during the first week of November, if 
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possible. The meeting should be scheduled for one hour, although the researcher should 

be prepared to stay afterwards if some participants want to continue their discussions. If 

possible, the researcher should arrange for a scientist and/or member of the product 

development team to be present. They will likely be better able to answer fishermen’s 

questions than the researcher can, and will have an opportunity to ask the fishermen 

questions of their own regarding use of the prototype. This should encourage more direct 

interaction between members of the participating communities and allow the researcher to 

focus on managing and observing the meeting rather than on answering technical 

questions. 

The researcher should begin the meeting with introductions and an expression of 

thanks to all participants for volunteering their time. The researcher should then establish 

the purpose of the meeting and quickly go over the meeting’s programme and the field test 

schedule. This is to make sure all participants understand the field testing plan, how the 

information they provide will be used, and how (and when) it will contribute to the 

development of the ocean condition forecasting tool. It will also make sure all participants 

have the knowledge necessary to discuss alterations in the field testing plan, if the group 

deems these necessary. Participants should be informed that the meeting is being recorded 

for research purposes, but that personally identifying information will remain confidential. 

The tool should then be presented to the fishermen on a laptop computer and on a 

smartphone. The tool should not be introduced with an explanation or instructions for 

use. Rather, fishermen’s initial, unaided impressions will provide researchers with 

information about how the prototype might impress fishermen outside this study. The 

impressions of fishermen who have not yet seen the prototype (those who did not 

participate in the meeting in Newport on the 19th of May 2014) may be particularly 

valuable in this respect. Researchers should also pay attention to how and if fishermen who 

do have previous experience with the prototype share information about it (informal social 

networks being the way most participating fishermen adopted their current ocean 

condition forecasting tools, it is likely that this is the way the tool derived from the 

prototype will spread, as well). Once fishermen have had ten minutes to explore the 

prototype, share information, and ask questions about the prototype of the researcher, the 
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researcher should attempt to elicit information and stimulate conversation with the 

following questions. 

NOTE: there are no questions in this list or in the others in this protocol 

concerning background information about the participants (boats, types of fish the 

fishermen focus on, etc.). This is because that information has already been collected in 

previous interviews. 

 

1. What are your initial impressions of the prototype? 

2. Did you find the prototype easy to figure out on your own? 

3. Did you benefit from the explanations given by your fellow fishermen?  

a. Have you received similar assistance from your peers when learning 

to use other new tools? 

4. What was the most important information you were given about the 

prototype either by your peers or by the researchers?  

a. If we weren’t available, how would you like to have gotten that 

information? 

5. What alterations would you make to the existing features of this prototype 

now, if you could? 

At the end of the scheduled hour, the researcher should thank all attendees for their 

participation. Some participants may wish to continue discussing the field test or related 

subjects after the meeting proper is over, and the researcher should be prepared to remain 

some time after the meeting, making further observations that may be useful to the study. 

 

Protocol 2: Feedback Collection, Plan A 

 Assuming the feedback collection for the field test takes the form of a group 

meeting in Newport, the researcher should attempt to include participating members of 

the scientific community or the product development team in this meeting. This may be 

difficult, due to the weather-dependent nature of the proposed meeting. To aid the 

discussion, a laptop and smartphone should be available with which to display the 

prototype and other ocean condition forecasting tools as needed. As with the first meeting, 
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this is planned as a semi-structured event, with a list of primary and probing questions with 

which the researcher can stimulate discussion and collect information. Although the 

researcher should make an effort to cover most, if not all of the questions in this protocol, 

he/she should also allow participants the flexibility to engage in discussion and address 

unscripted issues as they arise. The meeting should be scheduled for one hour, though the 

researcher should be prepared to remain after the meeting proper is over, in order to 

observe continuing discussions. 

The researcher should open the meeting with introductions and expressions of 

appreciation for the participants. Permission to record the meeting should be requested, 

along with the assurance that no personally identifying information will be made public. 

The researcher should articulate the purpose of the meeting and then start the meeting off 

using one of the questions in the protocol. 

 

1. How many times have you used the prototype? 

2. How have you used the prototype? 

3. How has it performed compared to other tools that you use? 

4. Have you discussed the prototype with other participating fishermen? 

a. When? 

b. What have you said about it? 

c. Did you give or receive assistance in using the prototype? 

d. What form did this assistance take? 

5. Have your impressions of the prototype changed over time, and if so, how? 

6. Does the prototype present information in fine enough spatial resolution 

for you to use? 

7. Have you accessed the prototype at sea or on land? 

a. Can you tell us about any connectivity issues you’ve had? 

8. Do the forecasts of SST and currents seem accurate?  

a. How do they compare with your own observations at sea? 

b. How do they compare with forecasts from other sources that you 

use? 
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9. Have you any other observations about the prototype that you think we 

should know about? 

10. After we’ve altered the prototype to reflect your feedback, would you be 

interested in field-testing it again? 

 

Once the scheduled hour is past the researcher should officially close the meeting 

and thank participants for volunteering their time. The researcher should then offer to 

remain after the meeting with such attendees as are inclined to continue the discussion. 

 

Protocol 3: Feedback Collection, Plan B 

 As it may not be feasible for the researcher and the participating fishermen to meet 

in person during the crab season, the researcher should be prepared to schedule individual 

telephone interviews with participating fishermen as a contingency plan. This is likely to be 

challenging, and it may take several calls over multiple days to successfully arrange and 

complete an interview. As with face-to-face meetings, days that forecast foul weather may be 

particularly propitious for this purpose. To improve the quality of communication, the 

researcher should check to see if participating fishermen are will and able to conduct the 

interview via video conference rather than telephone. These interviews are meant to be 

semi-structured, and should be scheduled to last no more than an hour; given the 

aggravation that speaking on the telephone for an hour may cause participants, the 

researcher should be prepared to the interview to be shorter than planned, and may not be 

able to address all the questions in the protocol before offering to end the interview. 

 As with the meetings, the researcher should begin by thanking the participating 

fisherman for his time, requesting permission to record the interview, assuring the 

fisherman that personally identifying information will not be made public, and reminding 

him that the interview should take no more than an hour of his time. The researcher 

should then start the interview with questions from “Protocol 2: Feedback Collection, Plan 

A.” 
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1 Introduction	  

1.1 Stakeholders 

CLIENT 
 

Colin Duncan 
College of Earth, Ocean, and 
Atmospheric Sciences 
duncancol@onid.oregonstate.edu 

 
DEVELOPMENT TEAM 

 

Ryan Phillips 
philliry@onid.oregonstate.edu 

 
Kevin Rich 
richk@onid.oregonstate.edu 

 
Austin Valeske 
valeskea@onid.oregonstate.edu 

 
END USERS 

 

Primary end users are coastal Oregon commercial fishermen, however the system could be used 
by anyone with an interest in coastal conditions and may include surfers and tourists. 

 
TECHNICAL ADVISOR 

 

Kevin McGrath 
Instructor, OSU College of 
Engineering, EECS  Department 
dmcmcgrath@onid.oregonstate.edu 

 
 
1.2 Glossary of Terms 

 
 

 

asset An instrument or device used to collect oceanographic data. These include SeaglidersTM, 
buoys, satellites, and underwater sensors. 

 
bathymetry  The measurement of underwater depth, the underwater equivalent of topography. 

 
CEOAS  College of Earth, Ocean, and Atmospheric Sciences 

 
NANOOS Northwest Associate of Networked Ocean Observing Systems. A group whose assets 

create customized information and tools focused on maritime operations, ecosystem 
assess- ment, fisheries and biodiversity, coastal hazards, and climate. 

 
netCDF Network Common Data Form. A set of software libraries and self-describing, 

machine- independent data formats that support the creation, access, and sharing of 
array-oriented scientific data. 
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NVS  NANOOS Visualization System. The current visualization of oceanic patterns, designed for 
use by the scientific community. 

OrCOOS  Oregon Coastal Ocean Observing System.   A subregional partner of NANOOS. Cur- 
rently implementing a regional ocean observing system. 

ROMS  Regional Ocean Modeling System 

SSH  Sea Surface Height 

SST Sea Surface Temperature 
 
 
1.3 Purpose 

 
 

 

Colin Duncan, from Oregon State University’s College of Earth, Ocean, and Atmospheric 
Sciences (CEOAS), wanted to develop a system that would allow local Oregon coastal commercial 
fishermen access to a useful interface to access forecast models available to scientists. This system 
would differ from existing model visualization systems in that it would be designed specifically 
for the Oregon fishermen. 

 
Forecasts will not only help fishermen plan their trips, but also avoid dangerous conditions. 
Ac- cording to CDC statistics, an average of 46 deaths per year occurred in the commercial 
fishing industry between 2000 and 2010[1]. Over this period, 26 deaths resulted from a vessel 
being struck by a large wave and 148 deaths in severe weather conditions. With the ability to 
track large waves and inclement weather, this project can save lives. 

 
A secondary beneficiary of this project is OSU’s CEOAS and the scientific community.  As 
the partnership between CEOAS and the fishermen grows, the fishermen are more willing to share 
their decades of knowledge and experience, gaining insights into the ocean around us that no 
scientific instrument can provide. 

 
 
1.4 Background 

 
 

 

Relations between commercial fishermen and scientists can be a strained one due to a number 
of factors that generate mistrust between to two groups[2]. Mr. Duncan has been exploring ways 
to offer useful information to the fishermen in an ongoing effort to foster relations. His idea 
was to use feedback from fishermen to improve the forecasting system interface1, allowing for a 
positive experience. CEOAS had already developed a visualization system (Figure 1) for the 
models using the NANOOS Visualization System (NVS). 

 
The NVS system, while very robust, was designed with oceanographers in mind and poses 
five major areas of frustration on the part of the fishermen. 

 

1. The design has a learning curve that is unacceptable to most of the fishermen. 

2. The interface is intimidating to most of the fishermen. 

3. The interface provides an overabundance of information, showing model meta-data and 
multiple models for certain ocean conditions. 

 
 

1specifically the user interface, the forecasts themselves are outside the scope of this project. 
 
 



 135 

 
Figure 1: The original NVS interface 

 
 

4. The interface is not designed for mobile applications.  This eliminates mobile devices 
as a platform for viewing the current system. 

 
5. The interface provides fine-grained controls to the fishermen, which are difficult to use 

in a moving environment such as a boat experiencing changes in pitch and roll. 
 

To help Mr. Duncan realize his goal of creating a system the fishermen would adopt, the 
Development Team designed a system that would be easy to use by the target user group, easy 
to maintain and expand by future developers, and easy to access from a diverse set of devices. 

 
In a meeting with the fishermen, intended to gain feedback on the current system, frustration 
was expressed with NVS because the system offered an overabundance of options, unusable 
information, and small controls. The development team took this information to heart and 
addressed the users’ concerns while making design decisions. 

 
Most of the fishermen agreed that only a subset of options were interesting. While the 
subset of interesting data varied between fishermen, they wanted to have the ability to turn on 
or off an overlay quickly and without a deep search of the menu2. Overall, the NVS user 
interface is daunting for any new user because of the massive amount of information presented 
to the user. 

 
The NVS system also offers a huge amount of information the fishermen neither want nor 
need to know. For example, on the NVS system, the water temperature model is labeled 
“Water Temp. & Currents(ROMS)”. ROMS is the model name, short for “OSU Region 
Ocean Modeling System”. While the information is correct and useful to the scientific 
community, the target user isn’t concerned with knowing the model name when activating or 
deactivating a feature on the interface. This is especially true with smaller devices with little 
screen space to spare such as the tablets and mobile devices some fishermen use. Frustration 
also stemmed from the NVS defaulting to a metric 

 
 

2At one point during a meeting, a fishermen walked behind the NVS team representative and shook his 
chair, saying, “Now see if you can find it while you’re shaking all over the place” 

 



 136 

 
system for temperature, distance, and coordinate units rather than the standard units used by 
the fishermen. 

 
The fishermen brought a variety of devices to the meeting, including laptops, tablets, and 
mobile phones3. On the displays of smaller devices, the NVS system is difficult to see 
(Figure2). With the smaller screen, much of the text is illegible and the controls are difficult to 
manipulate without zooming in and out. Additionally, the user doesn’t have an intuitive sense of 
how options are turned on or off. There are clues given to the user based on color scheme, 
but the fishermen stressed a need for obvious controls. 

 

 
Figure 2: NVS site on a Samsung Galaxy S4 mobile device. 

 
Overall, the fishermen stressed an absolute need for an intuitive and easy to use system. This 
need guided the design team throughout the design and development process. 

 
 
 
 

 

3most of the mobile phones were Apple iPhones and both tablets seen at the meeting were Apple iPads 
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2 Project	   Design	  
 
2.1 Requirements 

 
 

 

Figure1 shows the original project requirements as found in Appendix A: Client 
Requirements Document. The requirements were decided with the client after initial 
conversations with both the fishermen and the client, Colin Duncan. 

 
Card Requirement Priority 

1 Input netCDF Data High 
2 Input Data Models High 
3 Input Existing Overlays High 
5 Display Current Speed//Direction High 
6 Display SST4 High 
7 Display SSH5 High 
8 Display Wave Height High 
9 Display Wave Period High 

10 Display Wind Speed//Direction High 
11 Display Barometric Pressure High 
14 Latitude//Longitude  Always  Visible High 
15 Display Interpretation of Data6 Medium 
18 Summary of Current Conditions Medium 
17 Multiple Delivery Modes Medium 
4 Input User Feedback Low 

12 Display Chlorophyll Low 
13 Display Salinity Low 
16 Cross Compatibility with NVS Low 
19 Text Message Output/Interface Low 
20 Display Bathymetry Low 
21 Contact Feature Low 

 

Table 1: Project requirements. The card numbers refer to cards created in Trello, a tool the 
team used to keep track of progress. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

4Sea Surface Temperature 
5Sea Surface Height 
6This feature was intended to find certain conditions the fishermen were looking for such as a sharp 

thermocline for example. 
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2.2 Gantt Chart 
 

 

 
 

Feb Mar Apr May Jun 

 2/2 2/9 2/16 2/23 3/2 3/9 3/16 3/23 3/30 4/6 4/13 4/20 4/27 5/4 5/11 5/18 5/25 6/1 6/8 

                   

                                                                        
 
 
 
 

Figure 3: Project Gantt Chart 
 

3 Project	  	  Implementation	  
 

Throughout the course of the project, requirements were added and dropped as needed and as 
the project goals became clearer. Originally, the team planned to use the existing overlays 
generated for NVS to display in a friendlier user-interface. As the project progressed, the need 
to generate overlays in SharkEyes itself became apparent as the system will have more flexibility 
to manipulate the overlays as needed. 
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3.1 Added Requirements 
 

 

 

• Download and plot data automatically at regular intervals 

• Clear old data at regular intervals 

• Add city/state information for reference 

• Key for each overlay display type 
 

3.2 Changed Requirements 
 

 

 

• Input netCDF data changed to Gather and interpret netCDF data 

• Input existing overlays changed to Generate overlays using netCDF data 

• Multiple delivery modes  changed to Responsive web interface for use with multiple 
device displays 

 
 
3.3 Dropped  Requirements 

 
 

 

• Display SSH 

• Display Wave Height 

• Display Wave Period 

• Display Barometric Pressure 

• Display Interpretation of Data 

• Summary of Current Conditions 

• Input User Feedback 

• Display Chlorophyll 

• Display Salinity 

• Cross Compatibility with NVS 

• Text Message Output/Interface 

• Contact Feature 
 

4 Project	  	  Documentation	  
 

4.1 Applications Structure 
 

 

 

The application has four main structural components, each of which are represented as an 
“app” within Django. There is the front- end code, and then the three stages of the overlay 
pipeline. These are the downloader, the plotter, and the tiler. Celery plays in important role in 
running and scheduling background tasks. 
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4.1.1 Django Overview 

 
For those unfamiliar with Django project structure, a short summary follows. Django 
applications can be divided up into multiple Django “apps”, each of which have a specific 
function. They can provide completely independent functionality, or be dependent on other 
apps to function. We’ve divided each of them major pipeline steps into a separate app to 
help organize code. 

 
Within each app are several Django “magic files” that Django looks for automatically. 
models.py is where the database schema for that app is located. In smaller applications, 
much of the app logic is located here, as well, as any managers for the models. urls.py 
maps any incoming urls to the proper view, and views.py is responsible for handling user 
requests and generating response objects. Any logic regarding how data is presented is in the 
view, which requests data from the model managers and uses templates to build the proper 
response object, whether that is HTML, Javascript, and image, or other file types. Other 
magic files include tasks.py, which is one of the locations that celery looks for tasks, and 
admin.py, which is where the logic for the admin console is defined. 

 
Finally, database schema can be created in several ways. Some core Django apps use syncdb 
which simply adds the tables described in the model to the database. Our Django apps used 
South, which lets us run migrations as we update and change the database models. Each of 
these migrations are in the migrations directory in the app directory, and are run 
sequentially. 

 
 

4.1.2 Celery Overview 
 

For those unfamiliar with Celery, a short summary follows. Celery takes care of any task 
scheduling and background tasks we need to do. By adding celery’s task annotation to a 
function we can tell celery that we want it to treat that function like a task. We can then call 
that function in a number of ways that will result it in being executed asynchronously. For 
example, if we had the function 

 

 
 

we can call add three.delay(4), which returns a result object that can be queried to see 
if that task as completed. Calling result.get() blocks until the task completes, and in this 
case would return 7. We can also chain tasks together so they execute after each other, or group 
them so that all their results are in one group results object. Calling slow add 
three.s(4), which is shorthand for slow add three.subtask(4), creates a 
signature object that holds the information about a task to run. These can be grouped and 
chained together. We then call task.apply async() to actually run the task. 

 
 

4.1.3 Core and Front End 

 
The SharkEyesCore app is where settings.py and other crucial django files are located. 
It’s the first code run when the application is started, so it checks that certain directories 
exists and prepares for other parts of the project to start. It’s also the first place any requests 
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from users go, so it is the first place urls are parsed. As such, it is where the front end code is 
located. 

 
The SharkEyesCore app view renders a context which includes all the OverlayDefinition Objects, 
a list of the times to be included in the time picker, and a data array which contains all the 
necessary information about the tiled overlays within the current time window. 

 
Next, the index.html template is rendered, which contains links to all static JS, CSS, the 
boil- erplate for a basic HTML page, and some additional templates. It’s important to point 
out that sidebar.html is a template, but the others are actually js scripts which require the 
view context, and so they are handled by the templating engine as well. sidebar.html creates a 
toggle for each OverlayDefinition and it creates the datetime list using array of times. 
ui.js.html handles the bulk of the UI logic, which includes storing everything from the 
context in JS variables, initializing the Google Map, initializing the FastClick JS library, 
initializing the graticule library, adding a real-time conversion and display of lat/long cursor 
location, and jQuery functions for all the toggles and  buttons. 

 
The most complicated of these jQuery functions are the last three in ui.js.html and they are 
run when the datetime is changed or if any of the overlays is toggled. They compare the new 
state to the previous state and then remove or create a google Maps overlay if necessary, and 
change the paths to point to the real locations of keys and overlay images. 

 
 

4.1.4 Downloader 
 

The pl download app is responsible for checking for and downloading new data files. Most of 
the code for this is located in models.py. The DataFileManager is responsible for any 
knowledge about data files that other apps may want, like the database objects that represent 
the files that contain the models for the next few days. This is also where the task to check for 
new files, and download them if appropriate, is located. 

 
 

4.1.5 Plotter 
 

The pl plot app is more complicated than the downloader pipeline step, as it is where most of 
the logic related to plotting overlays. As, with pl download, the, most of the plotter app’s high 
level logic is in models.py. 

 
The plotter app contains three database models. The OverlayDefinition model is what defines 
a particular overlay. It contains everything from the overlay type, to the name, to the function 
that should be used to generate the plot. The Parameters model was meant to be way to add 
additional parameters to an OverlayDefinition, like the number of contour lines or what 
temperature range 

 
to plot, so we could better accommodate custom overlays. We did not get to using this, 
however. The Overlay model stores information about actual instances of overlays. This 
includes a foreign key to the OverlayDefinition that particular overlay is based on, when it 
was generated, the file that contains the image, what time the overlay applies at, the zoom levels 
it applies at, whether or not it’s been tiled, and the directory that the tiles are stored in. 

 
As with the downloader, the plotter has a manager class. OverlayManager servers to handle 
any access to overlays that other apps or views need. These are things like getting a list of 
overlays that have been tiled, or generating the next few days of overlays. Many of these 
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functions call celery tasks, and then return result objects so they don’t block. 
 

The actual plotting, logic, is not in models.py. There’s a Plotter class that handles loading the 
file that contains the data for the plots and does the work for defining the figures and axes and 
Basemap objects that are used for plotting. A separate file, plot functions.py contains the 
functions that actually do the data processing and plotting, and generate the legend. These 
function names are the same ones referenced in the database in the OverlayDefinition model. 

 
It’s also worth noting here that there’s a resources directory in the git repository for the 
project that includes diagrams that were useful in determining how the data files were 
organized, among other things. 

 
 

4.1.6 Tiler 
 

The pl chop app si responsible for taking untiled overlays and chopping them into tiles that 
can be displayed on a Google Maps or OpenStreetMap map. Here, because it doesn’t need to 
interact with any models in it’s own app and thus introduce circular dependencies, the function 
to chop an overlay into multiple tiles is in the tasks.py file. This is annotated as a celery task 
to allow the chopping to happen in the background. It does everything from adjusting the 
overlay image to fit the Google Maps modified Mercator projection to calling GDAL2Tiles to 
actually do the tiling. 

 
The models.py file contains the TileManager class, which is responsible for gathering the 
overlay ids it needs to tile, and then generating the appropriate task groups to tile those 
overlays as fast as possible. 

 
It is worth noting that the directory for the overlay tiles is determined when the Overlay object 
is created so that overlays that apply to different zoom levels, but are the same type and apply at 
the same time period will have their tiles placed in the same directory. This is the case with the 
vector overlays, for example, because they generate different amounts of vectors at different 
zoom levels. 

 
 

4.1.7 Git 
 

We have structured the project Git repository so that any major feature development is done 
in a specific feature branch, and the feature branches are merged into the develop branch 
when they’re complete. Then, when a set of features is ready for release and develop is in a 
stable state, develop is merged into master, and master is what is checked out in production. 
This ensures that master is always the same as what is running in production. If a hot-fix is 
necessary, a branch for the hot-fix is created from master, and then, when it is completed, it is 
merged into both master and develop. 
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4.2 Installation and Running Software 
 

 

 

How the application is installed and run depends on the environment. Setting up the project 
for development involves similar, but distinctly different steps than setting it up for production. 
Addi- tionally, as this project will continue to be worked on after this report is published, we 
recommend the project readme as a primary source for how to install and run the application. 
Summaries are provided below. 

 
 
 

4.2.1 Development Environment 
 

The development environment was designed to be simple to setup and run with minimal 
effort. After VirtualBox and Vagrant are installed, the project’s git repository is checked out, 
and any sub-repositories are updated, you should only need to run the vagrant up command in 
the project directory. Vagrant will then take care of downloading and provisioning the virtual 
machine in which the application will run, including installing any CentOS or Python packages 
and configuring them properly. Once this completes, you need to ssh into the virtual machine with 
vagrant ssh, change to the 
vagrant directory, and change to the project python virtual environment. From here, you 
need to run manage.py syncdb and follow its instructions to update the database. Finally, to 
start the server, run manage.py runserver. It will run on port 8000, which is forward to 
port 8001 for localhost. To run any background tasks, like plotting overlays or chopping tiles, 
you also need to run RabbitMQ and Celery, as detailed in the readme. 

 
Actually doing development requires a few more steps. Vagrant automatically mounts the 
project directory in the virtual machine, so any edits to files in the project directory will be 
visible in the virtual machine as well. If you only want to edit with a text editor and run 
commands from the command line, you’re done. If you want to used and IDE like PyCharm, 
which is what the initial developers of the project did, you’ll need to add the remote python 
interpreter as an interpreter in PyCharm and enable PyCharm’s Django support. 

 
 
 

4.2.2 Production Environment 
 

Setting up the production environment takes significantly more work, as we have not yet 
automated the process. This is largely due not having a defined production environment until a 
week before this report was published. All the packages listed in the readme must be installed 
manually. Once these are installed, the application can be started in the same manner as the 
development environment, 
i.e. with runserver, but this is not recommended. The runserver is meant only for 
development, and does not provide a secure or scalable server for use in production. In the 
coming weeks, we will be configuring the application to run on Apache servers, so the project 
readme is the recommended resource for setting up and running the application in production. 

 
Additionally, the Django ORM provides a database agnostic way of accessing the database. 
These means that the application supports any database that the Django ORM supports. In 
develop- ment, the application uses Python’s built in SQLite3 database, but this is not 
recommended for production. We will be configuring the application to run on a MySQL server 
in production. 
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4.3 Other  Requirements 
 

 

 

The application is running on CentOS 6.4, Python 2.7.3, and Django 1.6.2. It also relies on 
south, matplotlib, numpy, basemap, pytz, pillow, celery, pygdal, and other python packages. 
These all have supporting rhel, epel, and elgis packages they rely on, such as gdal, geos, proj, 
and rabbitmq. All these are detailed further in either the readme or the chef recipe used to setup 
the development environment. 

 

5 Methods	  
 
5.1 Helpful Websites 

 
 

 

As with any programming projects, there were a variety of helpful websites. Most anything 
we needed was in the standard documentation for the tools, but not all of it was. This list is 
not guaranteed to be exhaustive. It is also difficult to rank these websites by usefulness, as they 
were of varying utility at different points in the project. 

 
 
stackoverflow.com Stack Overflow was a crucial resource, for everything from figuring out 

how to get matplotlib to plot things as we wanted to figuring out some of the esoteric 
aspects of Basemap. 

 
altinet.hr/pycharm-vagrant-django-and-windows-for-a-newbie/ This article was helpful 

in setting up the development environment for the project. 
 
docs.djangoproject.com/en/1.6/ The Django docs were, as a whole, very useful. 

Everything from the tutorial, to how to use the ORM to access the database, to how 
timezones work with Django is covered. For the most part, Django has fairly good 
documentation. 

 
matplotlib.org/basemap/api/basemap_api.html The Basemap documentation was obviously 

useful in determining how to use Basemap. 
 
south.readthedocs.org/en/latest/tutorial/part1.html While much of the South 

documen- tation was helpful, this page was particularly useful when we kept forgetting 
commands. 

 
celery.readthedocs.org/en/latest/userguide/calling.html The Celery documentation 

could be difficult to navigate, but we found this page to be useful, as it provided a 
quick reference for how to call and schedule tasks. 

 
ingria.coas.oregonstate.edu/rtdav/ This website is Dr. Kurapov’s rending of his models. 

It served as useful check of our plots. 
 
stackoverflow.com/questions/9893440/python-matplotlib-colormap This Stack Overflow 

answer helped in determining how the color map used in the overlays was defined. 
 

alastaira.wordpress.com/2011/01/23/the-google-maps-bing-maps-spherical-mercator- 
projection/ While the Basemap documentation was informative about how to use 
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Basemap, it was not as helpful in determining how what type of map projection we 
needed to use, as Google Maps doesn’t use a standard Mercator projection. This helped 
us figure that out. 

 
 

5.2 Helpful Books 
 

 

 

While we did not have any physical books that were explicitly helpful, the Pro-Git ebook (git-
scm. com/book) is always useful when trying to learn git. It covers basic, as well as more 
esoteric workflows. 

 
 

5.3 Helpful People 
 

 

 

The primary researcher we worked with was Alexander Kurapov. Dr. Kurapov is an Associate 
Professor with the College of Earth, Ocean, and Atmospheric Sciences at OSU, specializing in 
the physics of oceans and atmospheres. His research is located at 
ingria.coas.oregonstate.edu/ and was the source for the data models we used as the 
basis of the project. 

 

6 Learning	  Outcomes	  
 

6.1 Ryan Phillips 
 

 

 

One of the first pieces of technical information that I learned was about the ocean models and 
that the generated forecasts were stored in netCDF files. So I figured out how this data was 
structured and how to extract the relevant data for generating the overlays.  Through meetings 
with our client, I also explore some non-computer science topics. This included learning about 
what kind of data was useful to fishermen, such as ocean temperature, salinity, chlorophyll 
count, wave height, etc. And then through meetings with other members of CEOAS I also 
learned a bit about what ocean science researchers do, which included a basic primer on 
terminology. 

 
The process of generating the overlays and creating the tiles used a whole set of libraries. 
Most of these didn’t require too much of a learning curve, as our interaction with them was 
limited to a few lines of boilerplate code. But more notably, the look and customization of the 
overlays was done using matplotlib and basemap. So both of these, as well as the extraction and 
processing of the data itself, were good learning experiences. 

 
Going into this project, all of us were familiar with Python, so we chose the popular web 
app framework, Django. This marked the steepest portion of the learning curve for me: learning 
how Django wanted us to structure the project, how it dealt with the database, and how we 
needed to break each sub-app into a complete set of url routing files, models, and views. 

 
Because my portion of the work focused more heavily on the frontend, I spent some time 
figuring out Django’s templating engine. The challenge here was figuring out how to 
correctly mix the templating language, css, html, javascript, and a number of javascript 
libraries, in such a way as to avoid conflicts. One of the great things about learning 
templating in Django, is that it’s implementation is similar to a lot of other templating 



 146 

engines, so then it is a skill that generalizes nicely. 
 

The basemap layer, the map controls, and the overlays all used the Google Maps API. I 
started working with version 2, since that was what some of our JS libraries naturally tied into, 
but ended up converting everything to work with version 3 towards the end of the project. For 
future reference, the Google Maps API has some design practices that don not mesh well with a 
simplistic/minimal view of how you may want to store and edit a state using standard 
javascript objects. For this reason, if you are trying to do anything more complicated that just 
displaying a basic map I would suggest using any of the various JS wrapper libraries which tie 
into the Google Maps API. 

 
I’m not sure what non-technical information I learned during this project; most of it was 
technical in nature. Even though I didn’t end up meeting any of the fishermen who might 
potentially use this app, I do feel like I have made a bit of a connection in thinking of how they 
might use something I have had a part in creating. It was really interesting to learn about 
how the fishing industry and ocean sciences can sometimes be at odds with one another. Other 
than that, most of the rest of the non-technical learning falls somewhere under the following 
categories: project work, project management, and teamwork. 

 
This project was a unique experience during my time here at OSU, and it provided a great 
lesson about project work in general. To the point: the main challenge was to reconfiguring 
my own mental model of school projects. Most of my college career I have been trained to 
think and work in increments of one term or less, and that allows for a certain pace in which 
almost any tasks can be completed with one solid sprint of a few days or less. That, and there 
is also a sense of closure between terms which allows for a complete mental break after finals. 
This project, which is probably a better analog for what most post-college work is like, was 
therefore a big change from previous school projects. 

 
So the lesson here then is that work of this nature must be done in small chunks, steadily 
throughout the allotted time, and that it is probably going to be on your mind (at least 
somewhere in the back of your head) for the duration. 

 
Tools like Git/github, are great for keeping everyone on the same page when it comes to 
project management. Everyone’s code is public and it has tools for dealing with issues & 
milestones. Sure, there are probably other tools you could use that go above and beyond this, 
but it is very nice to have everything all in one place. The problem with using a collection of 
tools it remembering which to use for what. This would not be too much of an issue once you 
have an established workflow, but getting everyone started in right direction is challenging. We 
initially used email, Trello, Google plus, Google hangouts, Google docs, Dropbox, etc., but it 
became difficult to remember what was stored/shared where (at least for me). By the end, 
Github was used for almost everything, which made project management easier. 

 
When working in a small team, decision making can be rather tricky if there is no one taking on 
a leadership or management role. There are likely many of interesting approaches for this 
scenario, but it is something we did not explore. Our approach was informal, discussion based, 
shooting for consensus whenever possible. With a slightly larger team, a more structured 
approach for choosing technologies, approaches, tasks, etc. would be necessary. It was surprising 
to me how much non- coding work is required for a software project — the time spent in 
communication via emails or meetings was a fairly large chunk of the total time spent working 
on the project. 

 
On a similar note, it can be tricky trying to figure out who should do what. We are relatively 
new to this kind of work, so we are not super confident about what our strengths and 
weaknesses are. Ideally, you would know right away what role everyone would play, and then 
you would be able to build a team out of these different roles. In the end, out of necessity, we 
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did establish a division of labor; but I worried about the possibility that it wasn’t entirely ideal 
or fair. 

 
In general, teamwork can be satisfying when team members are working on separate parts of 
the project at the same time, and you can see how what you are doing effects/helps one 
another’s work. But in this project, this happened seldom. Instead, we worked in little sprints, 
passing the baton, whenever we individually had time/energy. This helped prevent serious merge 
conflicts, but I cannot help but feel like we missed out on the potential synergy that can 
happen with a solid team. 

 
If we would have known at the onset exactly what we know now, we could have more 
efficiently dedicated effort to solving only the relevant problems. This would have allowed for 
more iterations, more testing, and implementing more features, resulting in a more polished 
product. But this is a bit of a cliche, isn’t it? Of course given more time, one can safely 
assume that the final product will be better. Part of the issue was that we did not have enough 
information initially to determine the scope of the problem. 

 
On a more specific note, the next time I try to make a front-end, I will definitely approach it 
in a more organized and structured manner. With this project I built it piece by piece, relying 
on jQuery to tie into the DOM and stored some of the model/state here, and some of it in 
JavaScript variables. All of the data that could possibly be needed by the frontend was 
translated into a JSON-like data structure on page load, and then all the JavaScript UI-logic 
accessed this. 

 
There are a number of improvements that could be made to this approach. One would be to 
use AJAX to fetch the relevant data on demand. This would have decreased the page load time, 
which was not a significant issue with our prototype, but which would undoubtedly become 
unmanageable if too many features/data-layers were added. Additionally, this would have 
potentially allowed for some more advanced features, such as grabbing a set of data on demand 
for a specific GPS location. 

 
Most importantly, as the front end got more complicated, the JS for the logic was too messy 
to efficiently debug. My guess is that a front-end framework which enforced a MVC could 
possibly have helped prevent this outcome, and if I were to build the next version I would 
probably use AngularJS for this very purpose. 

 
 
 

6.2 Kevin Rich 
 

 

 

I learned two major technical concepts throughout the project. First, I learned a great deal of 
Linux commandline operations and configuration. Second, I learned a lot about Django as a 
useful technology. 

 
I learned a lot about Linux through this project. As the target server was always assumed to 
be CentOS, I set out from the beginning to expand my knowledge of Linux. Specifically, I forced 
myself to learn more commandline operations than I had ever felt was necessary. In order to 
match the intended deployment environment, I assumed nothing was installed and set up a 
CentOS minimal installation and began configuration from there. I learned a lot about network 
configuration, firewall configuration, and package management. 

 
Learning Django gave me an opportunity to experiment with a templating system and work 
with a system that works best by eliminating duplicated code. Learning how to work 
efficiently with Django was probably the hardest part of the process for everyone. I took 
particular interest in developing Django’s administration interface, adding functionality to 
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replace running commandline options to generate overlays, start the tile chop process, and 
download new netCDF files. 

 
As for non-technical insights gained, I learned a lot about changing goals in the project. A lot 
of our goals changed during the course of development as we gained a better understanding of 
what the purpose of the project was as well as what could reasonably be completed in the time 
we had to finish the project. 

 
Our team didn’t have a rigid way of doing things. As we worked together, we found certain 
modes of communication and work assignments worked better than others for our particular 
group. Communication was key, as with any kind of collaborative effort. After the first few 
weeks, we settled into a routine of weekly progress meetings and virtual “stand ups” 
throughout the week. Our groups style was to work individually from home most of the time, 
which was new for me. I am typically much more comfortable working next to my teammates 
for quick interactions. 

 
At first, we used Trello, which allowed for cards to be placed on a virtual board and dragged 
around. The Trello system would send out emails when a card was moved or deleted. Each card 
has the ability to add comments, to do lists, due dates, and links.  The problem with this mode 
of communication is that the tool generates an incredible amount of email notifications that give 
little detail. A typical Trello notification is an email showing a Trello card action. For example, 
“Austin Valeske moved the card Add Lat/Long”. 

 
At some point during development, the team started using the issue tracking system available on 
Github. The use of Github’s issue tracker allowed for a much more fluid system for communication 
for our team. Issues can have any number of labels including the defaults: bug, duplicate, enhance- 
ment, invalid, question, and wontfix. Each issue can be attached to a milestone. Updates were 
emailed to the team as a message in plaintext of Markup language. Each email is it’s own thread 
and can be replied to directly from email. 

 
Having such an open-ended assignment was fantastic. At no point did I feel constrained to do 
the job in any particular fashion. We were free to tackle each client requirement in any way we 
wanted, with very few exceptions. The biggest benefit from this was the ability to investigate 
numerous technologies and choose what would work best for the job at hand. This not only 
gave us the freedom to explore what we wanted, but also allowed the greatest flexibility in 
design. 

 
Perhaps the biggest lesson learned during the project work was about assumptions. We began 
the project with the assumption we’d be adding on to the existing system. Not until much 
later did we realize the goal of the project was simply a proof-of-concept to better understand the 
value of a system designed specifically with fishermen for the purpose of improving cooperation 
between the fishermen and science community. 

 
While there was no clear leader at any point in the project, there were definitely times where 
one group member would take control of the situation to get things done. Due to the 
personalities of the group members, this was done without any problems. We certainly all 
jumped in at one point or another to get the job done. 

 
I feel quite lucky in that, in my opinion, everyone in the team was able to jump in where 
needed to fill the gaps for anything that needed to get done. While all of us were fairly 
comfortable and preferred working on whichever area we were strongest, we all worked in 
whichever parts of the project needed help when the need arose. 

 
If I could start the project over again, I think I would spend much, much more time in the 
beginning coaxing details of the intention behind the project from the client. If we had known 
the intent was a collaborative effort with the fishermen from the start, and had known the 
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project was a proof of concept, we could have focused our energies more efficiently on the few 
areas that really mattered to both the fishermen and client. Instead, we spent a lot of time trying 
to narrow the project goals down during the winter term, resulting in loss of productivity. 

 
I also would have pushed harder to spend more time with the fishermen, or failing that, 
present more prototypes to the fishermen to get more feedback. While Mr. Duncan was a 
fantastic bridge between our team and the fishermen, there will always be a loss of intent or 
communication when getting information second-hand. 

 
Developing plans for transferring the project from local development servers to a production 
server is something I would have spent much more time on earlier in the project as well. While 
using tools like Vagrant and Chef to provision our development servers was useful, it created a 
barrier when trying to provision a production server, because the process must be 
deconstructed. Vagrant also handles some ’s own, which is not documented very well, leading to 
difficulties understanding what Vagrant does to the virtual machine. 

 
Overall, I learned a lot from Senior Design at Oregon State University. In my opinion, 
Professor Bailey and the faculty of the EECS department have done a good job preparing the 
curriculum to lead me to success. I have been offered exposure to a wide variety of methods to 
solve development problems. 

 
 

6.3 Austin Valeske 
 

 

 

This project required me to learn a variety of technical skills that I did not previously have. 
I now know the basics of how to build a Django based website from scratch. This includes 
information about where in any given Django installation to look for certain functions to some 
of the eccentricities of how Django interacts with databases. GIS tools have also been very 
interesting to learn about, as I was completely unfamiliar with them previously. Plotting data 
on a 2D map seems relatively straightforward, but there are so many different ways to project 
a sphere onto a 2D surface that it requires a fair amount of research to get it right. Relatedly, 
Python’s Matplotlib and other plotting tools are extremely powerful, but require intimate 
knowledge of their libraries before one can use them effectively. Finally, until this project I had 
not used task scheduling tools like RabbitMQ or Celery, and so I had to learn how to code 
around asynchronous function calls. This required thinking about the project structure in a 
different way than I was used to. 

 
While much of what I learned was technical, I also learned important non-technical skills. It’s 
very difficult, at the early stage of a project, to make estimates about how long tasks will 
take to complete. Now that we’ve completed the project, having experience with Django and 
Python will help me make more accurate estimates in the future about how long projects will 
take. I also learned information about how I manage my time in large projects, and how to 
motivate myself to work on them when the deadline seems far away. 

 
I also know much more about the fishing community and their needs than I knew before 
starting this project. Computer Science doesn’t exist in a vacuum; we learn how to efficiently and 
creatively build tools, but those tools have to have a purpose, they’re built for someone to 
use.  As such, I learned how to pull the technical information one needs to build the project 
from the rather ambiguous wants and needs of the users of the project. 

 
Working on a long term project is also very different than working on an assignment for 
class. Sitting and staring at an empty IDE is somewhat terrifying, especially when you know 
that you’ll be working on this for months, but it’s a feeling you have to work through if you’re 
going to get anything done. It can be hard to manage resources appropriately over such a 
long time scale. Projects also frequently have a client who is not part of the development team. 
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Working with the client, and reducing their needs, which are often somewhat ambiguous, to 
specific requirements, takes careful communication and patience. 

 
Related to managing the project is working with teams. Not only do you have to manage 
individual resources, but you have to ensure that everyone is working on something they are 
good at or want to learn about or they will have little motivation to work on it. Of course, 
sometimes someone gets stuck with a more menial task, but you have to make sure it’s not 
the same person every time a menial task is assigned. Also important is letting go. While you 
might have a specific way of doing something, you can’t expect that your team members will 
always do it that way. This is usually good — they often see a better way than you did — 
but sometimes they don’t know about the shortcut you know about. While this can be 
frustrating, you then have the opportunity to show someone the shortcut. You also have to 
manage which parts of a project each team member is working on so as to avoid merge 
conflicts and duplicated work. 

 
Overall, if we were to do this project again I would try to get a project definition sooner. It 
wasn’t until early winter term that we knew where we were getting data or what format it 
was in. As plotting and presenting the data is a core function of the project, this meant that we 
had difficulty building much of the project before this. Delaying until the middle of winter 
term to figure these things out resulted in a lot of wasted time on the front end of the project. 
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Stakeholders 
 

Development Team 
Weather or Not 

● Ryan Phillips <wordsandcolor@gmail.com> 
● Kevin Rich <whoiskevinrich@gmail.com> 
● Austin Valeske <avaleske@gmail.com> 

 

Client 
Sponsor: 
Colin Duncan <eightsongdogs@gmail.com> 
College of Earth, Ocean, and Atmospheric Sciences, Oregon State University 
Co-Sponsor: 
Kevin McGrath <dmcgrath@eecs.oregonstate.edu> 
Instructor, Oregon State University 
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1. Introduction to the Problem 
Oregon State University’s College of Earth, Ocean, and Atmospheric Sciences (CEOAS) 
gathers information from the oceans off Oregon’s coastline and creates model forecasts as 
part 
of the national Integrated Ocean Observing System(IOOS). Local fishermen in Newport, 
Oregon want to use the gathered data and forecasting models to enable more efficient 
operations and increase safety. Success of this project should not only help the fishing 
industry save time, money, and lives, but also better relations between researchers and 
fishermen. 

 
 

2. Project Description 
Project SharkEyes will deliver ocean condition information to commercial fishermen in a form 
that is both accessible and usable. The project must present a visual representation of an 
ocean chart with overlays that will give relevant information that is useful to the end users. A 
successful outcome will include a system that end users will begin to use; a system that can 
be navigated and provide the needed information to the targeted end users. 

 
 

3. Requirements 
 

Card # Requirement Status Labels 

1 Input netCDF Data Pending High Priority 

2 Input Data Models Pending High Priority 

3 Input Existing 
Overlays 

Pending High Priority 

5 Display Current 
Speed/Direction 

Pending High Priority 

6 Display SST Pending High Priority 

7 Display SSH Pending High Priority 

8 Display Wave Height Pending High Priority 

9 Display Wave Period Pending High Priority 

10 Display Wind 
Speed/Direction 

Pending High Priority 

11 Display Barometric Pending High Priority 
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 Pressure   

14 Lat/Long Always 
Visible 

Pending High Priority 

15 Display Interpretation 
of Data - Sharp 
Thermoclines 

Pending Medium Priority 

18 Summary of Current 
Conditions 

Pending Medium Priority 

17 Multiple delivery 
modes based on 
User Connectivity 

Pending Medium Priority 

4 Input User Feedback Pending Low Priority 

12 Display Chlorophyll A Pending Low Priority 

13 Display Salinity Pending Low Priority 

16 Cross Compatibility 
with NVS 

Pending Low Priority 

19 Text Message 
Output/Interface 

Pending Low Priority 

20 Display Bathymetry Pending Low Priority 

21 Contact Feature Pending Low Priority 
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4. Versions 
 

4.1 Version 0.5 - Jan 3 
● Barebones Application 

○ No Data Model 
○ No Added Data 
○ No Custom UI 

● Basic Google Maps Display 
 

4.2 Version 1 - Jan 14 
● Adds Data Model 
● Displays at least one existing overlay 
● Very Rough UI 

 

4.3 Version 2 - Feb 13 
● More polished UI 
● Existing Overlays are added in a scalable way. 

 

4.4 Version 3 - Mar 4 
● Finished Overlays 
● Near Final UI 

 

4.5 Version 4 - Mar 4 
● SMS Information Delivery 

 

5.6 Version 5 - May 16 (Expo) 
● Generated overlays are stored for future use 
● Information is cached for faster response time 
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5. Design 
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6. Specific Tasks to Undertake 
● Prepare TRIP (Technology Review and Implementation Plan) 

○ Get server specifications 
○ Explore Possible Technologies 

● Setup Version Control 
● Setup Development Stack 
● Setup Development Server 
● Decide on General UI 

○ Draw Paper Prototypes 
○ Generate Preliminary UI Mockups 

● Build scaffolding of server application code 
○ Setup Google Maps API Layer 

● Define data models for storing generated overlays and numerical data 
● Develop Data Interfaces 

○ Develop Interface with netCDF data 
○ Develop Interface with Existing Data Models 
○ Develop Interface with Existing Overlays 
○ Develop system that puts numerical data in database 

● Develop UI 
○ Develop Rough UI Templates 
○ Develop Map UI Templates 
○ Develop Text UI Templates 
○ Clean Up Map UI Templates 
○ Clean Up Text UI Templates 

● Overlay Generation 
○ Develop Overlay Provider 
○ Generate Overlays for wave information 
○ Generate overlays for current information 
○ Generate overlays for interpretation of map data 
○ Develop system for storing generated overlays 

● Develop caching system 
● SMS Serving System 

○ Numerical Data Processing for SMS 
○ Interface with Twilo-like API to send SMS 
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7. Risk Assessment 
After spending some time on the process, and learning more about the project, we will have a 
better idea of the risks and challenges. Here are a couple of potential problems that we can 
watch for at the onset. 

 
7.1 Existing Data Formats 
The process of interpreting/understanding/converting the data contains several unknowns since 
we are unfamiliar with the format. This may take longer than expected, so we should get an 
early start on it. We won't know if this will be a real problem until we try to make at least one 
overlay of our own. 

 
It helps that we have a contact, Craig, who has done this before. This leads to a corollary risk: 
if he isn't available, and we have questions, it might take longer for us to figure it out on our 
own. But to avoid this, Craig has already provided us with a complete example that we can 
follow. 

 
7.2 Difficulty of Use 
The system is designed to offer a rich feature set to the end user. As such, the design must 
take into account the average targeted end user. It is possible, that if not designed correctly, 
the system may end up being difficult to use. A specific requirement from the client for the UI 
is that it be ‘easy to use’ by the end user. 

 
This risk can be mitigated by constant involvement with our client, Colin Duncan. Duncan has 
spent a lot of time interacting and interviewing the target user and will have a general idea of 
how the target user will perceive the usability of the system. By utilizing an iterative design, we 
will be able to fine tune the interface to the needs of the target user. 

 
NVS Senior Capstone Project 
Client Requirements Document [10/19] 



 162 

November 05, 2013 Phillips, Rich, Valeske 
 

 

 
 

8. Testing 
There will be five main phases of testing. The first four will be done periodically, as each new 
feature is completed. The fifth (target user testing) will be done at critical points to be 
determined by our client, most likely to test completed versions of the product. 

 
8.1 Orthogonal Testing 
Each major component will be tested prior to integration. The method of testing will be tailored 
to the component. Here's a quick overview of what this will look like: 

 
● Overlay Generation - tested with basic test data, randomized data, and real data. 
● User Interface -  tested by hand via several users on Windows, Linux, Mac OS, iOS, 

& Android with the last 3 versions of Chrome, Firefox, Safari, and IE. 
● Webserver -  tested via script, simulating many concurrent users. 

 

8.2 Integration Testing + System Testing 
After integration, the whole product will be tested from beginning to end - From data input to 
finished website. This will be automated, allowing for better coverage than what we can do by 
hand. 

 
8.3 UI, Compatibility, & Accessibility Testing 
The last three phases will consist of human testing. First by us using the site on every 
device/os/browser under the sun (as listed above) to test for compatibility. We will test for 
accessibility by simulating color blindness. 

 
8.4 Client Testing / Feedback 
Next, we shall deliver a version to the client for testing and feedback. This and the previous 
stage can be completed in any order, since we won’t need to have compatibility and 
accessibility standards finished if we are looking for feedback in other areas such as UI or 
feature testing. 

 
8.3 Acceptance Testing 
And lastly the product will be tested on the target users. Their feedback is very important and 
if this stage is performed within a month before the end of the development process, we will 
be able to fully address their concerns and criticisms. 
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9. Preliminary Timetable 
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10. Team Member Roles 
Since this project can be broken up into many components, each requiring different skills, we 
will be able to use our varied skill sets, utilizing our own unique areas of expertise. Admittedly, 
there is overlap in these sets, and a few of the required tasks are unfamiliar to all of us. Both of 
these will be good target areas for combined efforts, using the focus of 2 or more members of 
group. 

 
With a generic web-app, it would be convenient to break it into 3 main parts - back, middle, and 
frontend development. For us, this would correspond with: Austin, Ryan, and Kevin. Austin can 
get the server up and running and work with the framework and caching. Ryan can work on the 
application logic, generating the overlays, and testing. Kevin can work on the UI templates, 
which involves writing the CSS, HTML, and JavaScript. 

 
As far as the other miscellaneous roles are concerned: All of us will collaborate on 
documentation and written communication. Kevin has specified that he can be the default 
point of contact with the client, but the rest of us are more than happy to answer any questions 
if he is unavailable. 

 
While the team roles specify individuals, in no way is any individual wholly responsible for any 
particular area, they are simply the “point man” for that module. 

 
 

11. Integration Plan 
Each of us will have our own complete development environment, including a virtualized 
version of the product platform, and possibly including any of our own favorite miscellaneous 
tools. But the finished product will not require any of these for performing updates or 
modifications after product completion, so they don't need to be listed here. 

 
When a feature is completed by one member of the team, the changes can be rolled out to 
the other team members via a version control system such as Git. Since this will be the 
standard procedure throughout development, each individual module will be made free of any 
interdependencies. This way each can be tested in isolation, and a change in one module 
won't necessitate changing the others. Also, once a component is completed and added, we 
will perform system regression testing, to make sure that the modularization has been done 
properly. 
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12. Data Flow Sequence Diagram 
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13. User Interface Requirements 
 

13.1 Web-based UI 
The user interface shall be designed as a web-application to enable the end-users to access the 
system from a variety of devices. Expected devices include personal computers, notebooks, 
tablets, and smart phones. 

 
13.1.1 Responsive Design 

The web application shall have a design that seamlessly changes based upon the mode of 
view; the system should respond to the type of device that the user is viewing from. A 
smart-phone, for example would, by default, focus on an uncluttered display with a map and 
appropriate overlays. A PC user, on the other hand, would have a sidebar with more controls. 

 
13.1.2 Priority of UI Design 

The development of the application will be driven by the need to access the system via a 
smartphone. This will allow the developers to focus on the ‘cleanest’ looking design first, then 
expand out to larger screens (desktop or laptop devices) as each user interface component is 
completed. 

 
13.2 Contact Feature 
At all times in the user’s experience, the user shall be able to quickly have access to contact 
information for the client. 

 
13.3 Feedback Feature 
At all times in the user’s experience, the user shall be able to send feedback to the client as 
to the design and usability of the system. 

 
13.4 Ease of Use 
The system should keep use of technical jargon to a minimum as well as have a minimal 
amount of controls visible. Advanced customization has been defined as an extremely low 
priority for the initial release. 

 
13.5 Latitude and Longitude Display 
At all times, the user should see a latitude and longitude on the map displayed by the system. 
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13.6 Modes of Information Delivery 
While all data will be presented visually to the user, numeric data should be available to the user 
where possible. This includes SST, SSH, current speed, current direction, wave height, wave 
direction, wave period, wind speed, wind direction, and barometric pressure. 
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14. References 
NANOOS Home 

http://www.nanoos.org 
OrCOOS Home 

http://agate.coas.oregonstate.edu/ 
NVS Home 

http://nvs.nanoos.org/ 
IOOS Home 

http://www.ioos.noaa.gov/ 
College of Earth, Ocean, and Atmospheric Sciences 

http://ceoas.oregonstate.edu/ 
National Oceanic and Atmospheric Administration (NOAA) 

http://www.noaa.gov/ 
netCDF fact sheet 

http://www.unidata.ucar.edu/publications/factsheets/current/netcdf_factsheet.pdf 
netCDF4 Python Module 

http://netcdf4-python.googlecode.com/svn/trunk/docs/netCDF4-module.html 
Seaglider Autonomous Underwater Vehicle Product Page, Kongsberg Maritime 

http://www.km.kongsberg.com/ks/web/nokbg0240.nsf/AllWeb/EC2FF8B58CA491A4C12 
57B870048C78C?OpenDocument 

Python Programming Language - Official Website 
http://www.python.org/ 

Django Web Framework 
https://www.djangoproject.com/ 

“How to Find Tuna Water” by Amigo Charters 
http://amigocharters.com/tuna-water-temps/find-tuna-now/ 
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15. Glossary 

Term Definition 
 

NANOOS Northwest Association of Networked Ocean Observing Systems. A group 
whose assets create customized information and tools focused on 
maritime operations, ecosystem assessment, fisheries and biodiversity, 
coastal hazards, and climate. 

 
netCDF Network Common Data Form. A set of software libraries and 

self-describing, machine-independent data formats that support the 
creation, access, and sharing of array-oriented scientific data. 

 
NVS NANOOS Visualization System, the current visualization of oceanic 

patterns designed for use by the scientific community. 
 

OrCOOS Oregon Coastal Ocean Observing System. A subregional partner of 
NANOOS. Currently implementing a regional ocean observing 
system. 

 
ROMS Regional Ocean Modeling 

System SST Sea Surface Temperature 

SSH Sea Surface Height 
 

Glider Seaglider™ is an autonomous underwater vehicle (AUV) or underwater 
glid developed for continuous, long term measurement of oceanographic 
parameters. Rather than an electrically driven propeller, the vehicle uses 
small changes in buoyancy and wings to achieve forward motion. The 
system's pitch and roll are controlled using adjustable ballast (the vehicle 
battery). http://goo.gl/7H3X1C. 

 
Asset An instrument or device used to collect oceanographic data. 

 
HF radar High Frequency radar. Used to gather information on the movement of 

wate UI User Interface 

Bathymetry The underwater equivalent of 

topography. Git A type of revision control for 

programming. 

System regression testing 
 
A testing process that tests the entire system after one or more features have been 
added to it. 
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Appendix	  B:	  Weekly	  Progress	  Reports	  
 
Week 4 

 
 

 

Progress 
 

The development team has met with the principal client (Colin Duncan) to discuss goals and 
end users. In this meeting we discussed general ideas of how to bring the information to the end 
users as well as how to deliver the information to the end users. Additionally, we’ve met with 
Craig Risien who handles the technical aspects of the NVS project currently in place. In this 
meeting we discussed the existing interfaces for the information that currently exist as well as 
example data structures in the netCDF format. 

 
Problems 

 
No problems to report. 

 
Plans 

 
We’ll be meeting with the clients this coming week to draft the client requirements document.  
As we have a fairly concrete idea the delivery system for end users will be a web application of 
some kind as well as the data currently in place and languages used to interface with those 
languages, the team is investigating potential technologies. 

 
 
Week 5 

 
 

 

Progress 
 

Client Requirements Document is near completion and we expect to have it ready for final 
review by the client on Monday afternoon. As a team we are continuing to look at available 
technologies to work with for this project. 

 
Problems 

 
The biggest issue we’ve had so far seems to be in nailing down specific tasks. As we have not 
yet decided on the technologies to use, we aren’t sure exactly how to break down to specific 
tasks yet. 

 
Plans 

 
Client Requirements Document will be submitted this week. Over the next two weeks, the team 
will be finalizing which programming languages and frameworks we want to use for Project 
SharkEyes. 

 
 
Week 7 

 
 

 

Progress 
 

Technology Implementation and Review has been submitted. The team has a good grasp on 
what tools we want to use to implement on Project SharkEyes.  We’ve acquired the 
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information as to the what software we will need to deploy to the development environment 
being provided by Prof. 

 
 

McGrath to match the deployment environment that Craig Risien administers. 
 

Problems 
 

No problems to report. 
 

Plans 
 

We need to finalize our technology choices and begin work on the development stack as well as 
set up our source control. 

 
 
Week 10 

 
 

 

Progress 
 

With dead week and finals coming up, progress has been minimal.  Plans are in place to have 
a prototype ready to present to the target users (fishermen) by Jan 1. 

 
Problems 

 
No problems to report. 

 
Plans 

 
The team is continuing to flesh out the user interface we’d like to present. We’ll have a rough 
prototype available when we meet the client on Friday so that he may approve the prototype. 
The rest of the month, the team will continue to perfect the prototype and allow for feedback 
from the target users by Jan 1. 

 
 
Week 11 

 
 

 

Progress 
 

Team and have re-synced with members and client after winter break. Team has set up 
development environments and source control. Team has initial assignments and is now 
working to develop the back-end. Additionally, the team is working with the client to expose 
the target user group to the mock-ups for feedback. 

 
Problems 

Nothing to 

report Plans 

Team is exploring the parts of the back end system that will allow us to interface with the 
existing NVS overlay system. This will allow us to cache the overlays in SharkEyes for the 
front-end. 
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Week 13 
 

 

Progress 
 

This week we met with the client and his advisors to discuss data sources and from where we 
need to get data. We want to get tile data from NVS at first for some layers, but eventually we 
want to process the raw NetCDF data so we can make our own overlays. 

 
Problems 

 
Actually getting the information about the data sources is difficult. We need to talk to people 
at UW and other places that are busy, but our client said he would start the groundwork for 
getting us in contact with people who control the data. Also, we as a team have very little 
understanding of how the data in the NetCDF files is structured. We need to do research into 
how to pull the data out of them. 

 
Plans 

 
We are likely going to split work so that one person is working on getting and displaying tile 
data, and the others work on learning how the NetCDF data is organized and how to get 
data out of them and display them. This will likely be done with MatPlotLib and other Python 
libraries. We need to meet as a team and with the client in the next few days to better outline 
our plans. 

 
 
Week 14 

 
 

 

Progress 
 

Since the last P3 we have spent more time analyzing the data in the NetCDF files, now 
provided by Alexander Kurapov’s server. By using a handful of python libraries we were able to: 
generate a preliminary visualization for sea surface temperature, slice this large image into a set 
of tiles, and then display these tiles in a fully interactive way on top of a Google map. 

 
Problems 

 
At first it wasn’t clear how to get the generated image tiles to work properly with the Google 
Maps API. But we were able to find a couple more tools which replaced our original, naive 
method. When given the coordinates of the input image, these helper libraries performed the 
correct geospatial calculations and formatted the output appropriately. 

 
Plans 

 
This week we are meeting with Colin to work on a revised timeline for the next phase of the 
project. This will include some additional “done by” dates to help keep progress on schedule. We 
also need to discuss the organization of the application and are planning on making a couple 
more basic overlays. 

 
 
Week 16 

 
 

 

Progress 
 

This week we met with the client to discuss a timeline for the project, with an updated gantt 
chart. In order to update the gantt chart we needed a more detailed understanding of the 
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architecture for 
 
 
 

the application, which one of us worked on for the gantt chart and then shared in another 
meeting later in the week. 

 
Problems 

 
So far, no major problems this week. 

 
Plans 

 
We assigned jobs for the coming week using Trello.   At this point, we’re able to work on 
non- overlapping areas, which is helpful. 

 
 
Week 18 

 
 

 

Progress 
 

This week we finished adding the necessary packages to our development environments. This 
was done so that the environment is setup automatically when needed, and in such a way that it 
should make deploying the application easier later. We also continued working on building the 
pipeline for processing data and plotting it. 

 
Problems 

 
The only major problems have been related to mis-estimating the level of difficulty in our 
plans. Convincing Chef to setup python packages and their related C libraries in a virtualenv 
turned out to be difficult. We also know how to plot data effectively with python, but are still 
figuring out how to integrate that with Django so it works in an automated and reliable way. 

 
Plans 

 
For the next week we’re going to continue setting up the data processing pipeline, and 
hopefully building some tests around it. 

 
 
Week 19 

 
 

 

Progress 
 

This week we made more progress implementing the pipeline for processing plots and overlays. 
The code for the plotting stage should be in a place where we can easily swap out different 
plotting functions, to plot currents instead of temperature, for example. Also started the basics 
of a test framework to run the code we wrote. We’re currently setting up a library called celery 
to manage background tasks like the plotter and automatically request new netCDF files. 

 
Problems 

 
Django has more pluming than we initially anticipated, which is making setting stuff up take 
longer than we thought it would. We were also planning on using Django’s built in signals 
framework, but it turns out it doesn’t work quite like we thought, which is why we’re using 
celery. 
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Plans 

 
Keep doing what we’re doing. We’re making progress, albeit more slowly than we hoped. 

 
 
Week 20 

 
 

 

Progress 
 

This week we added models to the pipeline step that plots files, finished setting up celery to 
run the plotting in the background, and started working on other portions of the pipeline. 

 
Problems 

 
It turned out to be difficult to figure out the proper pythonic layout for files and code, 
without introducing circular references. After over-thinking it for a bit, we ended up just 
putting the tasks in the models.py file, figuring we can refactor later if it turns out to get too 
large. 

 
Plans 

 
Keep working on building out the pipeline. First the downloader, then the chopper. We’re 
meeting with the client this week to discuss progress and plans. 

 
 
Week 21 

 
 

 

Progress 
 

Over break we wrote code to chop the images into tiles, as well as code to check and see if a 
new netCDF file is available for download. We also wrote some front end code, to actually 
show the map and grab the list of overlays from the server, but this hasn’t been fully integrated 
yet. 

 
Problems 

 
Nothing major has been problematic. 

 
Plans 

 
We sat down this week and talked about the things that need to be done before expo, namely 

 

• Add more plots 

• Integrate font end code 

• Stabilize the application by writing testing and error checking code 

• Have the download task automatically trigger the plotting tasks 

• Setup a live server 

 
We’re also going to start meeting weekly so we have some accountability and due dates, so 
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we’re more incentivized to get work done. We were meeting regularly before, but having a 
defined time every week will be helpful as we near expo. 

 
 

Week 23 
 

 

 

Progress 
 

This week we planned out what we need to work on for the next few weeks, and how those 
deadlines will work. We also planned what we need to get done for the fishermen to have 
something to look at and give feedback on. We made some progress investigating where errors 
can happen and how to catch them, and will be implementing fixes in the coming weeks. We 
also learned more about how to layer overlays on the map so the map can still be zoomed and 
moved around, as well as how to add a key and lat/long on the map. 

 
Problems 

 
We didn’t get as much done this week as we should have. 

 
Plans 

 
We have a Trello board with what we’re going to get done each week before expo. For the 
next week, we need to finish attaching the front end to the back 

 

• add a key to the map, and generate the key 

• add lat/long to the map 

• add an overlay with vector data 

• add exception handling to the plotter 
 

Week 24 
 

 

 

Progress 
 

• Download modules are fixed and working again 

• Salinity overlay complete 

• Tools generated for back-end system administration 

• Interviewed client on collaborative experience and obtained poster approval 

• Project Poster 95% complete, turning in this weekend. 

 
Problems 

 
 

• Development server is still not ready. Kevin McGrath is working with support to resolve this 
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Plans 
 
 

• Implement Keys for users on the map interface 
 

• Create overlay for currents 

• Add latitude/longitude overlay 

• Implement User Interface Page 
 

Week 25 
 

 

 

Progress 
 

• Latitude and Longitude added to user interface 

• Several bugs fixed in overlay logic 

• Vector plots improved 

• SharkEyes development server is online. We are working on a deployment method that 
ensures a reproducible result. 

 

Problems 
 

No Problems to report. 
 

Plans 
 

SharkEyes will have a feature freeze until expo to prevent the introduction of new bugs, 
essentially battening down the hatches before the storm. Introduction of new features will 
continue after Expo. 

 

• Finish configuration and deployment to server. 

• Enabling and testing automatic data downloads and processing on live server. 

• Ensure proper application viewing on multiple browsers and multiple screens sizes. 

• Simplification of code where possible. 
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