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Abstract: PlantingScience.org, an online 

mentoring platform, enlisted the help of the Science 
Gateways Community Institute to conduct a 
usability evaluation. The process included workflow 
analysis, heuristic evaluation, comparative 
analysis, usability testing, and a final report that 
together have been instrumental to improving how 
teachers, scientists, and students use the 
PlantingScience.org online mentoring platform. 
Key friction points were identified in website 
navigation, in matching teams of students with 
appropriate mentors, and in facilitating teacher 
front-end registration and password management 
for student users. In this paper, we discuss the 
process of evaluation that led to identification of 
these friction areas. We also discuss how the 
identified problem areas were redeveloped and 
include feedback from our users about the new 
features. Other gateways will gain insight into 
approaches for evaluating website user experience 
and then how to use that evaluation to generate 
website changes that improve usability and reduce 
administrative support, making it possible to serve 
a much larger user community. 

1. Introduction 
PlantingScience is an award-winning online 

mentoring program serving middle and high school 
teachers and their students since 2005 [1]. Teachers 
sign up to participate with their classes. Classes are 
divided into teams of 3-5 students. Teachers invite 
unique scientist mentors to work with each team in 
the course of designing and carrying out a scientific 
investigation on one of several plant science themes. 
Mentoring is done asynchronously, and mentors 
employ an array of scaffolding techniques: 
encouraging students; helping clarify goals, ideas, 
and procedures; and supporting reflection [2]. One 
teacher works with between 5 and 30 mentors 

depending on the number of students and classes he 
or she has. In addition, an early-career scientist 
liaison works closely with the teacher to help with 
setup, to monitor the teams’ progress, and to step in 
whenever teams’ mentors are temporarily 
unavailable. In a lexical analysis of over 2,600 
open-ended student reflections, students most 
highly valued working with plants and scientists 
through the PlantingScience.org program [3].  

The original PlantingScience website, which 
was custom built on the Zikula open source PHP 
application framework, included customized project 
pages for students and mentors to work together on 
student-designed science projects on a variety of 
plant themes [4]. These project pages were shared 
in a project gallery. Other features of the website 
included forums for teachers and scientist mentors 
to communicate, open-access resources and 
curriculum materials, and a gallery of scientist 
mentors volunteering with the program. The site had 
a thriving community of users, serving over 20,000 
students in total with a mentor pool of over 1000 
scientists. However, projects required intense back-
end administrative setup and monitoring, and 
mentor matching was done by hand using Excel 
spreadsheets, which limited our capacity to grow.  

1.1 Digging Deeper Together: Professional 
Development Program Requires New 
Tools for Facilitating Partnerships 

In 2015 the Botanical Society of America along 
with the American Society of Plant Biologists and 
the Biological Sciences Curriculum Study received 
NSF funding to develop and evaluate a 
collaborative professional development program for 
teachers and early-career scientists. The scope of the 
grant included moving the aging website to a new 
platform. In addition to recreating the existing 
features from the old website, several new features 



 
 

critical for facilitating partnerships between 
teachers, scientists, and students were added:  

(a) a classroom group area that would provide 
teachers and the mentors working with their 
students a place to share calendars, post 
introductions and updates to each other, and 
monitor team project progress,  

(b) a searchable/filterable mentor gallery and 
invitation system to allow teachers to select 
and invite mentors to work with their 
student teams on developing science 
investigations, and 

(c) areas for teachers and mentors to share 
insights and implementation details, upload 
and share resources, and provide support to 
each other.  

1.2 Developing a Working Gateway on 
HUBZero 

A working version of PlantingScience.org on 
the HUBzero platform (with added customization 
implemented by the HUBzero development team) 
was launched in June 2016. Updates and new 
features were added regularly through September 
2017. Though users appreciated the new features 
and modern look of the new website, users struggled 
with a system that was not intuitive to use. 
PlantingScience community managers developed a 
47-slide training guide to help users navigate the 
process of getting groups, projects, and mentors set 
up. Several steps needed to be done by site 
administrators, for example creating accounts for 
student users. A simpler, more intuitive system that 
gave more control to our teacher and early-career 
scientist users was necessary to reduce the need for 
training and eliminate bottlenecks. Through formal 
and informal user feedback via interviews, surveys, 
and support tickets, program managers were aware 
that certain parts of the website were confusing. 
However, the site managers were not aware of best 
practices or conventions for handling these 
functions better, how to identify less obvious 
friction points, or how to go about analyzing and 
improving the overall user experience.  

2. Initial Usability Methods used to 
Identify Friction Points and Provide 
Suggestions for Improvements  
In May 2017 coauthors Catrina Adams and Jodi 

Creasap Gee applied for help with user-experience 
(UX) consulting from the Science Gateways 
Community Institute (SGCI) after attending the 
Institute’s Incubator Bootcamp [5]. A consulting 
team was formed, including coauthors Sue Gyoung 
Kim and Purva Sane as well as Nayiri Mullinix and 
Katherine Lawrence of the University of Michigan. 
Together, the team put together a usability work 
plan for the project.  

2.1 Description of Usability Methods 
Employed 

The usability work plan included heuristic 
evaluation, workflow analysis, and comparative 
analysis. Later, usability testing and a final report 
identified further usability problems of the website. 
Each method provided actionable recommendations 
supported by user research data and UX design 
principles.  

Heuristic evaluation is a usability engineering 
method to inspect usability problems in a user 
interface based on usability principles. It is an 
efficient way to find basic and critical usability 
violations without having to invite users for testing 
or other interactive methods. For this heuristic 
evaluation, PlantingScience.org was evaluated 
based on Nielsen’s heuristics to uncover usability 
violations [6].  

Workflow analysis is for finding barriers and 
problems in processes. In this case, the initial 
process for setting up student groups and preparing 
online space for teachers, students, liaisons and 
mentors was examined.  

Comparative analysis is a review of 
applications or websites similar to the website being 
evaluated; it is used to improve the usability and 
user interface of the focal website. Comparative 
analysis is often used to examine what competitors 
have done to identify problems and establish 
benchmarks for comparison with the site under 
evaluation. For a comparative analysis, websites 
that contained features similar to 
PlantingScience.org were analyzed in order to 
understand industry standards or best practices 



 
 

involved around the design of these features. 

2.2 Key Findings 
Key findings from the heuristic evaluation 

were:  
(a) Filters for finding mentors were difficult to 

use due to ambiguous labels and a complex 
design 

(b) Navigation was confusing due to scattered 
menus and unlinked sub-pages, and  

(c) The main navigation menu had low 
visibility due to the low-contrast color 
schemes between the text color and the 
background color.  

We addressed these usability violations by:  
(a) Changing the filtering system to use plain 

terms, with the most relevant/helpful 
criteria at the top, emulating e-commerce 
filtering conventions.  

(b) Reorganizing menu structure and creating 
more visual elements to increase ease of 
navigation, and  

(c) Changing the background color of the main 
menu to increase contrast. 

Figure 1 shows before/after screenshots of the 
main menu, while Figure 2 shows before/after 
screenshots of the mentor gallery filtering interface.  

 

 
 

 
 
Key friction points from the workflow analysis 

were: 
(a)  The lack of capability to manage 

documents for creating student accounts on 
PlantingScience.org made the process 
complex and caused delays in creating 
groups, and 

(b) the process for assigning mentors and 
students to groups was difficult, requiring 
much labor and time due to the 
inconvenient user interface of the website.  

We addressed these identified friction points 
by:   

(a) designing a new user interface for teachers 
to create and manage student accounts and 
manage project membership, and 

(b) streamlining the process of assigning 
mentors and students to groups.  

 
Fig. 2. Before/after screenshots of the mentor 
gallery filtering interface, showing improved filter 
options that follow e-commerce filtering 
conventions and show the most relevant criteria at 
the top of the filter list. 

 
Fig. 1.  Before/after screenshots of the main menu, 
showing increased contrast and re-organization of 
main menu to provide portals for different users.  



 
 

Figure 3 shows our new user interface for 
teachers to create student accounts (which teachers 
can choose to do student-by-student or in bulk via a 
.csv spreadsheet). 

 

 
Key findings from the comparative analysis 

were:  
(a) websites such as CK12.org have interfaces 

that allow teachers to create student 
accounts for their students on the website 
using a short form, while websites such as 
Socrative.com and Powerschool.com allow 
teachers to import roster files so that 
teachers can add students in bulk,  

(b) Google Photos, Pandora.com, Canva.com, 
Flickr.com, CK12.org and 
ux.stackexchange.com all present ways to 
assign items to different groups via either 
drag & drop or selecting items from a list, 
and 

(c) Amazon.com, Sephora.com, Bestbuy.com, 
WooCommerce, Asos.com,  
sciencedirect.com, Macys.com, and 
newegg.com provide examples of filtering 
and searching conventions including 
placing sorting options above the search 
result, presenting the most relevant sorting 
options, avoiding jargon or technical terms, 
allowing users to narrow down the search 
result by using filters instead of filling in 
multiple search fields, providing visual 
cues to the selected filters, and providing 
the number of matching results.  

Using the websites chosen as comparisons 
provided rich sources of inspiration for designing 
new interfaces for choosing mentors from the 

mentor gallery (Fig.2) and for creating and 
managing student accounts (Fig.3). These websites 
were also helpful for establishing conventions for 
common tasks like searching and filtering items 
from a larger gallery and for creating and managing 
groups.  

3. Further Usability Testing Evaluated 
Proposed Website Changes and 
Feedback Provided New Insights 
and Refined Interfaces 
Based on the design/feature requirements and 

best practices from the comparative analysis, new 
design mockups were designed and developed. The 
wireframes were used to test the usefulness and ease 
of use of the new design before implementation. 
Axure [3] was used to produce the new designs.  

3.1 Testing Methods and Recruiting 
User testing was conducted during one of two 

teacher training workshops held in Colorado 
Springs, Colorado. Five teachers were selected from 
the participants in the workshop. Teachers who 
participated were both new and experienced at using 
the PlantingScience.org website.  

User testing began by asking the participants 
questions about their job and their familiarity with 
the PlantingScience website and their motivations 
for using the website. Participants were then asked 
to perform the following tasks:   

(a) using the wireframes, create team projects 
in AA High School group and add students 
and mentors to project.  

(b) using the wireframes: 1) change team name; 
2) reset student password; 3) remove 
mentor from the team, and 

(c) using the mentor gallery in the current 
website, select 3 mentors for your student 
teams; include one mentor who works with 
middle school students and two mentors 
who are in the early stages of their career. 

3.2 Findings from Usability Testing 
Findings from usability testing included the 

following:  
(a) participants are unsure of the starting point 

for creating projects  
(b) participants desired an easier way to add 

multiple students 

 
Fig. 3.  Screenshot of new user interface for 
teachers to create student accounts via .csv 
template or student-by-student.  



 
 

(c) applying filters in the mentor gallery was 
confusing for users 

(d) participants felt the process of selecting 
mentors was incomplete and several would 
prefer to add mentors to the group directly 
from the mentor gallery, and 

(e) participants wanted the flexibility to 
download rosters as either a .csv or .pdf 
files.  

4. Lessons learned 
Usability problems were investigated with four 

different evaluation methods, which allowed 
identification of common problems that caused 
confusion and the reasons behind them. Changes 
were implemented related to the organization and 
accessibility of the main menus of the website 
(Fig.1), the filter/search functionality of our mentor 
gallery was completely redesigned (Fig.2), and a 
new interface was designed putting the creation and 
management of student accounts into the hands of 
teachers (Fig.3). We also added a new feature 
allowing teachers to invite mentors to their groups 
directly from a mentor’s profile. 

The process of user experience evaluation has 
been invaluable for improving usability of the 
PlantingScience.org website, and has dramatically 
reduced the amount of training required for teachers 
and liaisons. It has also reduced the administrative 
burden of uploading and managing thousands of 
student accounts, placing control of student 
accounts in the hands of the teachers and liaisons. 
This has allowed the PlantingScience community to 
double in size. Approximately 4000 student users 
will be online this this fall in about 1000 active 
projects, which would have been too time 
consuming to set up and manage without the new 
interfaces.  

We highly recommend consulting with user 
experience experts in the process of evaluating and 
improving other science gateways. If consulting is 
not possible, then consider investigating the various 
methods used in evaluating usability and investing 
time in applying these evaluations. Usability testing 
in particular was extremely valuable in refining and 
testing our proposed new interfaces because 
feedback we got from users provided new insights 
that we had not gotten from other methods, for 

example learning where users expected to find 
various features.  

The 13-year history of the award-winning 
PlantingScience online mentoring website 
demonstrates that continuous improvement is 
necessary for the growth and successful 
development of any project. We would recommend 
that other science gateways keep an eye to the future 
and plan for iterative changes to allow their 
gateways to continually meet users’ expectations 
and to reduce administrative burdens to allow for 
program growth. 
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