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Abstract⎯As we enter the 21st century the pace of 
development of web-based and web-accessible collections of 
learning materials for science, mathematics, engineering 
and technology continues to accelerate. However, when 
confronted with the wide array of potential resources it is 
often left up to the individual faculty member to decide how 
to select and use these materials. One of the primary goals 
of NEEDS, a digital library for engineering education, is to 
encourage faculty use and re-use of these materials.  
 
This paper will address mechanisms and methodologies to 
help faculty better locate, select and evaluate digital 
learning resources. We will discuss different types of 
selection criteria and methods for evaluating digital 
learning materials and technologies. We will build upon our 
development of the Premier Award for Excellence in 
Engineering Education and will discuss a taxonomy 
describing the different uses of technology to promote 
specific learning goals and pedagogies. 
 
Index terms⎯ digital library, computer based education, 
technology and learning 
 

INTRODUCTION 
 
The advent of the World Wide Web and the increasing 
integration of computer-enhanced learning materials into 
teaching have supported the rapid increase in the 
development of digital materials to support teaching and 
learning in science, mathematics, engineering and 
technology (SMET). Instructional and learning technologies 
in the 21st century have created opportunities for engineering 
faculty to teach in new and exciting ways. Faculty can 
personalize instruction for multiple learning styles, diversity 
of backgrounds and varying career aspirations of 21st 
century students; incorporate pedagogies (e.g., active 
learning or collaborative learning) that are based in cognitive 
science and research on learning; and incorporate 
visualizations and simulations into classes and labs to give 
students personal experience with engineering practice or the 
underlying science (e.g., design a disk drive in a virtual 
studio [i] simulate “necking” in a polymer specimen [ii] or 
experiment with the structural design of bridges [iii]). 
Faculty can build learning communities that cross time and 
space; employ Just-in-Time Teaching techniques [iv] or can 
connect students to research involving real time databases.  

The benefits to teaching and learning are potentially 
huge; the reality is that engineering faculty, like others, are 
daunted by the prospect of effectively using digital resources 
to improve student learning. Faculty face many barriers 
when attempting to integrate technology into their courses: 
finding high quality learning materials and the lack of time 
and money to develop them or integrate them in their 
teaching [v, vi, vii, viii, ix, x, xi]. In addition, a significant 
barrier to faculty adaptation and use is the lack of 
institutional and professional rewards for doing so [xii, xiii, 
xiv].  

Because of these barriers (and more), the promise of 
instructional and learning technologies may go unfulfilled. 
This paper will discuss some of the mechanisms and 
methodologies NEEDS⎯The National Engineering 
Education Delivery System, digital library for engineering 
education, recommends to help faculty better locate, select 
and evaluate digital learning resources. We will discuss 
different types of selection criteria and methods for 
evaluating materials found in NEEDS and other educational 
digital libraries. We will build upon our development of the 
Premier Award for Excellence in Engineering Education, 
work underway to develop peer review systems for online 
learning materials and workshops we have given on the 
selection and use of learning materials. In addition, we will 
present a taxonomy describing the different uses of learning 
technology to promote specific learning goals and 
pedagogies. 
 

FRAMEWORKS FOR DESIGNING LEARNING 
ENVIRONMENTS FOR A COURSE 

 
When considering the factors in designing a learning 
environment for a course, engineering faculty members are 
confronted by the wide array of teaching and learning tools, 
multiple philosophies of teaching and contradictory views of 
student learning. Adding technology and computer-enhanced 
teaching and learning tools to this mix confounds the issues 
even more. In the following section, we will discuss two sets 
of guiding frameworks useful in course design. 

Research on faculty adaptation of innovation in higher 
education indicates that the process is most successful when 
faculty have the opportunity to work with and learn from 
respected colleagues who have tried the strategies and 
developed materials about which potential adapters are 
already curious, and that successful learning environments 
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are those in which faculty have aligned learning tools and 
activities with their goals for promoting learning [xv, xvi, 
xvii, xviii, xix, xx]. This requires that a faculty member 
become a “Jack, or Jill, of All Trades,” solving educational 
problems by combining different learning strategies (e.g., 
collaborative learning or student-based inquiry) with 
instructional technology and relevant assessment techniques 
[xxi]. In this view, learning technologies are one of many 
tools that faculty can use to help promote specific learning 
goals. Figure 1 illustrates one simplified process a faculty 
member might engage in when planning a course and 
designing a learning environment and set of learning 
processes and activities to support it. 

 

 
FIGURE 1 

FRAMEWORK FOR EVALUATION & SELECTING INSTRUCTIONAL 
 

In the process outlined in Figure 1, the faculty member 
gives initial consideration to identifying course goals and 
student learning outcomes before deciding on the type of 
learning environment he or she wishes to encourage, the 
type of learning process that will best support student 
learning (e.g., individual versus collaborative) and the kinds 
of learning activities that will support help accomplish the 
learning outcomes. The selection of learning tools is guided 
not by the array of tools or processes available, but by the 
overall learning goals. 

Since the primary purpose of this paper is to examine 
the selection of computer-enabled learning resources, we 
have found the following taxonomy for selecting technology 
based learning materials (see Figure 2) suggested by John 
Jungck and others [xxii] to be particularly helpful. This 
taxonomy has three axes: nature of learning, type of 
collaboration and degree of learning centeredness. The 
Nature of Learning Task axis emphasizes transformation 
from “drill and practice” tutorials to open-ended problem-
solving, experimentation with multiple approaches and to 

where student work is authentic research. This axis is helpful 
in the design of the learning task. The Collaboration axis 
emphasizes the transformation of classroom activities from 
individualistic competition to cooperative group work to 
collaborative learning and the social construction of 
knowledge. This axis and the design of the learning process 
have a strong overlap. Here, the instructor must examine the 
role of collaboration in learning and create processes that 
support the learning environment he or she wishes to 
establish. This part of the process is closely related to the 
over all effort in creating a learning environment described 
by the Learning Centeredness axis. This axis emphasizes 
teaching and learning that transforms from student as 
“receiver of knowledge” to a “constructor of knowledge.” 
On one end, we find behaviorist and passive (watch, read, 
apply, and regurgitate) forms of “instruction” where the 
computer is the holder of information and the evaluator 
rewards student’s responses. At the other end we find 
constructivist, learner-empowered strategies where students 
have high responsibility, freedom to explore, individual 
engagement, multiple modalities and take ownership of 
learning. 
 

 
 

FIGURE 2 
TAXONOMOY OF SELECTION CRITERIA 

 
To help accomplish the goals outlined in the taxonomy, 

we must also consider what constitutes good practices in 
higher education. A useful guide is Chickering’s [xxiii] 
Seven Principles, which are based on research on good 
teaching and learning in colleges and universities. These 
principles, outlined in Table 1, are also useful guides when 
considering teaching activities. 

Establish Course Goals 

Identify Student Learning Outcomes 

Design Learning Environment 

Design Learning Process 
(e.g., individual or 

collaborative) 

Design Learning Activities 
(e.g., computer or other non-

computer 

Assess Student Learning 
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TABLE 1 

SEVEN PRINCIPLES OF GOOD PRACTICE IN UNDERGRADUATE EDUCATION 
1. Encourages contact between students and faculty 
2. Develops reciprocity and cooperation among students 
3. Encourages active learning 
4. Gives prompt feedback 
5. Emphasizes time on task 
6. Communicates high expectations 
7. Respects diverse talents and ways of learning 
 

The principles in combination with the learning 
technologies and tools available can have a powerful impact 
on learning. By designing learning activities with computer-
enhanced learning materials, faculty can support the good 
teaching practices outlined in Table 1. For example, a case 
study or virtual learning environment can support a variety 
of student ways of learning by allowing students to explore 
and interact with the content through hands-on learning 
activities, conceptual discussions of the material or through 
simulations. Other tools may support experimentation with 
continuous feedback or through group work. Ultimately, 
computer-learning materials may be most effective because 
students can use them any time, anywhere—this flexibility 
can “extend” the classroom experience beyond the time and 
space boundaries that typically define a course.  
 
GUIDELINES FOR SELECTING LEARNING TECHNOLOGIES 

 
Criteria for Evaluating Learning Technologies 

 
In combination, the frameworks described above are critical 
underpinnings to the selection of instructional and learning 
technologies. They can help instructors clarify their teaching 
and learning goals and clarify for them how a particular tool 
may or may not support their goals. However, these 
frameworks are context free and are not bound by the 
constraints of cost, time and expertise. As we described 
earlier, these barriers can be significant hurdles for an 
instructor to overcome in using technology in teaching. 
Educational digital libraries such as NEEDS can help faculty 
overcome some of these barriers by making available high 
quality digital learning materials at low or no cost and can 
connect faculty to other instructors who are experienced in 
using these materials. Still, each individual faculty member 
must review these materials to decide which will best meet 
his or her needs and course goals. This can be a time 
consuming and almost overwhelming process given the 
wealth of choices in some areas.  

NEEDS attempts to streamline the process of faculty 
review of materials for use by providing peer reviews of 
digital learning materials, user comments and identifying 
select courseware as Premier Awardees. Premier Award 
winning materials are reliable, tested courseware that add 
value to the learning environment. These materials take 
advantage of the digital medium to enhance the learning 
experience beyond the traditional textbook and chalkboard 

models. Faculty, instructional design experts, cognitive 
scientists and students defined the criteria used to select 
these materials. Over the last four years, they have been 
found to be reliable markers of excellence and are a useful 
basis for engineering faculty to use in selecting courseware 
[xxiv]. 
 The Premier Award criteria focus on three aspects of 
computer-enhanced learning materials: the instructional 
design, software design and content [xxv]. Within each area 
specific criteria are described, as outlined in Table 2.  
 

TABLE 2 
PREMIER AWARD SELECTION CRITERIA 

PART I. Instructional Design 
A. Interactivity: The learner is actively involved in the learning process 

— the interaction enhances learning. 
B. Cognition/Conceptual Change: Learning appears to be significant and 

long lasting, and strong and useful cognitive models can be built. 
C. Content: The content is well chosen and structured. 
D. Multimedia use: Multimedia is used effectively and promotes the 

learning objectives and goals. 
E. Instructional Use/Adaptability: The software can be used in a variety 

of settings. 
PART II: Software Design 
A. Engagement: The software holds the interest of a diversity of learners. 
B. Learner Interface and Navigation: The software is easy to use. 
C. Technical Reliability: The software is free from technical problems. 
PART III: Engineering Content 
A. Accuracy of Content: The content is accurate. 
B. Organization of Content: The software is structured consistent with 

typical engineering instruction. 
C. Consistency with Learning Objectives: The content matches the stated 

learning objectives and goals. 
 
 The following example shows how these “top level” 
criteria are expanded upon and defined. In Instructional 
Design interactivity is demonstrated when the following 
occurs: 
• The software responds appropriately to learner actions. 
• Communication is two-way. 
• Learners control their own pace and are informed of 

their progress so they can make informed decisions 
about how to proceed. Learners decide: what they want 
to learn; in what order; and how deeply they want to 
concentrate on specific topics. 

• Choices that learners make are meaningful and not “just 
for the sake of making choices”. 

The instructional design is further enhanced when: 
• Learners are presented with relevant problems to solve; 

exemplary solutions are included.  
• The learner can select the type of media that she wants 

to use (e.g., audio, transcript, etc.). 
• There are questions and challenges to help the learner 

monitor his or her progress. 
• There is an analysis of learner input and useful, 

appropriate feedback. 
• The system adapts its delivery style or content based on 

learner actions. 
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TABLE 3 
GUIDELINES FOR SELECTING LEARNING TECHNOLOGIES 

Good Practices in Undergraduate Education 
1. Does this courseware encourage:  

• student-faculty contact? 
• cooperation among students? 
• active learning? 

2. Does this courseware give prompt feedback or provide 
opportunities for students to get it from instructors or peers? 

3. Does this courseware emphasize time on task? 
4. Does this courseware help me communicate high expectations of 

my students? 
5. Does this courseware address diverse learning styles? 
 
Goals of Higher Education 
6. Does this courseware support my teaching goals regarding 

• higher order thinking skills 
• basic academic and communication skills 
• discipline-specific knowledge and skills 
• liberal arts and academic values 
• work and career preparation 
• personal development 

 
Practical Matters 
7. Can students easily grasp how to use this courseware? 
8. Do students have access to the necessary support for using this 

courseware? (Internet access, correct software, etc.) 
9. Does this courseware work reliably? 
10. How much technical support will it take to support this 

courseware? Do I have access to the necessary support? 
11. How much time will it take for me to learn how to use this 

courseware? Do I have the time to do so? 
12. What will it cost me? 
13. Is this the best tool/process to help my students meet the learning 

objectives for this course? 

This example of how effectively a particular learning 
technology meets the Premier Award criteria, shows how the 
criteria integrates the aspects of teaching and learning 
described by Chickering’s Seven Principles and the criteria 
outlined in Jungck’s taxonomy. In this example, students are 
active participants in the learning—“plug and chug” is not 
an option, there is two-way communication, they make 
choices that are meaningful, and they can control their pace 
of learning. To be judged exceptional, courseware must 
support higher levels of learning, be exemplified by problem 
solving, address different learning preferences and the 
feedback to the learner must be regular and systematic. 
These criteria then, are useful for faculty and instructors in 
evaluating courseware to meet their needs. 
 

Guidelines for Selecting Learning Technologies 
 

The realities of each faculty member’s campus and 
course must come into play when considering how to 
integrate learning technologies into a course. The research 
conducted by the National Institute for Science Education’s 
Institute on Learning Technologies [xxvi] identified how 
strongly the context for the learning situation can impact the 
success of a faculty member’s ability to integrate technology 
into their courses. The guidelines in Table 3 are a synthesis 
of these findings, research on faculty needs with regards to 

digital libraries [xxvii] and the frameworks previously 
described. The guidelines, in the form of questions, are 
designed to help instructors consider the philosophical and 
pedagogical aspects of using learning technologies as well as 
the practical matters involved in the use of these important 
learning materials. 
 

SUMMARY 
  

Our goal in presenting the guidelines above, has been to 
illustrate many of the areas faculty should consider when 
selecting and evaluating learning technologies for their 
courses. Each alone is not sufficient, but together, the 
taxonomy, frameworks, and guidelines lay out a process that 
will lead to successful integration of learning technologies to 
improve engineering education.  
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