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Abstract 
This paper documents an investigation into whether affective student performance can be observed using specific electronic learning tools. The study was motivated by a curriculum review exercise carried out for an undergraduate Engineering program. Guidelines, for choosing appropriate activities, are developed and presented for general consideration.
INTRODUCTION
The purpose of this study is to examine potential tools for measurement of student affective state and development. The study was motivated by a recent curriculum review exercise carried out for the BSc. Electrical and Computer Engineering program, run by the Department of Electrical and Computer Engineering (D.E.C.E.), at the University of the West Indies, St. Augustine. The revised program includes several affective learning outcomes which, although implicitly considered, were previously neither expressed nor assessed. In the new curriculum design, learning outcomes occur at different levels in the affective domain, where the changing level of the affective outcomes reflects student development throughout the program.  Guidelines, which enable educators to identify suitable activities or tools, can facilitate the observation and possible measurement of affective outcomes. The guidelines make specific reference to the electronic learning tools that already facilitate course delivery within D.E.C.E.
LITERATURE REVIEW
Bloom and Krathwohl (1956), Krathwohl et al. (1964), and Harrow (1972) view learning through three lenses: the acquisition of knowledge (i.e. cognitive domain); the alteration of feelings, values and beliefs (i.e. affective domain); and the growth of dexterity or performance (i.e. psychomotor domain). Traditionally, investigations have focused on the cognitive dimension. However in the context of holistic learning (Barnes, 1995), cognitive, social and emotional development are closely linked (Clark and Fiske, 1982; McKeachie, 1976). 
Contemporary instruments, such as surveys, questionnaires and interviews, have been used to measure learner affective state.  The researcher typically asks the learners to provide targeted feedback in response to the specific learning experiences (Hopkins and Stanley, 1981). (Boyd, Dooley and Felton, 2006) utilized a “structured” activity-reflection-writing approach to measure affective development in science education. Such studies can be labor-intensive, and are subject to various constraints (e.g. fake-ability) (Hopkins and Stanley, 1981). 
Electronic learning tools, when deployment strategies are aligned to pedagogy, can aid in both the achievement of educational aims, and the evaluation of their achievement (Koszalka and Ganesan, 2004; Clark and Mayer, 2008). Electronic learning technologies have also been used to measure learner affective state.  Grabe (2005) used access patterns for online notes and correlated them with general performance. Graven and MacKinnon (2008) and Kaner and Fiedler (2008) investigate the use of electronic tools in detecting plagiarism, which can also be interpreted as an affective outcome.
Affective learning outcomes are generally viewed in terms of feelings, emotions, motivations, attitudes, and beliefs (McKeachie, 1976; McLeod, 1991; Smith and Ragan, 1999; Vygotsky, 1962).  The outward expression of these characteristics typically manifests as statements of opinions, beliefs, or an assessment of worth (Smith & Ragan, 1999).  (Krathwohl et al., 1964) introduced a framework to facilitate the systematic classification and assessment of outcomes in the affective learning domain. They defined five levels, according to a hierarchy of specific behaviors: (1-lowest) receiving, (2) responding, (3) valuing, (4) organization, and (5-highest) characterization. These levels were used to assess affective state in this study.
INVESTIGATIVE CONTEXT
The BSc. Electrical and Computer Engineering run by D.E.C.E. is a 3-year undergraduate program that includes affective outcomes at the levels of (1) receiving, (2) responding and (3) valuing; at threshold, higher level behavior is not requisite for this program. In addition, emphasis is placed on attitude change, as it reflects student development while undergoing the program. 
The successful measurement of affective outcomes, in any program, is dependent upon:
· the nature of the curriculum content; 

· the context in, and clarity  with, which affective learning outcomes have been expressed; 

· and the activity designed to carry out the assessment.  
In D.E.C.E. the first two items were determined during a recent curriculum review, but DECE educators require guidelines to help them identify appropriate activities for affective outcome measurement. Because myeLearning (university-branded rollout of Moodle™) is presently used to facilitate course delivery, guidelines should make specific reference to electronic learning tools. 

Different categories of activities are proposed. The major categories are “closed-form” and “free-form” – defined by the amount of flexibility the student has in participating in an activity.  Mandatory activities where there are defined paths/answers are referred to as closed-form. The inability of the student to either express him/herself (as in a free form activity) or opt out, implies that higher-level affective behavior cannot be observed. However, examination of student usage patterns and how they change over time (Grabe, 2005), allows the educator to determine whether students have developed from (1) receiving to (3) valuing information.
Free-form activities can be further subdivided into “structured” and “unstructured” – defined by the intent of the educator. Structured free-form activities are crafted to meet specific learning outcomes. Because the student may be aware of the desired affective behavior, structured activities may not allow the educator to conclusively observe higher-level affective behavior.  Unstructured free-form activities, do not directly fulfill learning outcomes and may be optional, thus any unsolicited affective behavior is likely to be an unbiased indicator of the students’ affective state.
The intent is to provide guidelines, enabling DECE educators to select appropriate electronic learning tools, for a specific category of activity. A retrospective study of electronic learning tools used in D.E.C.E. will provide the basis for guideline development; specifically a list of specific electronic learning tools already used to facilitate different categories of activities. However, for completion of the guidelines, three additional questions need to be answered:
A. Can electronic learning tools be used to observe affective behavior in activities from the associated category?

B. Can electronic learning tools be used to distinguish between higher-level affective behaviors in free-form unstructured activities?
C. Do electronic learning tools differ in their ability to distinguish between higher-level affective behaviors in free-form unstructured activities?

RETROSPECTIVE STUDY
In D.E.C.E., electronic learning tools have been used throughout the department for over 6 years. A list of electronic learning tools was created, and grouped by the activity category (Table 1). Specifically for this study, three courses, one from each year-group within the program, were selected. All three courses utilize the myeLearning Course Management System.  Learning outcomes with affective behavior components, were identified for each course (Table 2). The actual electronic learning tools used in conjunction with these courses were identified for different offerings of each course.
	Free-form Unstructured
	Free-form Structured
	Closed-form

	E-mail/Peer-peer Instant messaging
	Database/Glossary
	Resource server

	Mobile devices 
	Mind map/White board
	M/C Quiz

	Multi-user Chat Room
	Peer Marking/Comments
	Electronic Tutor

	Vote/Survey
	Discussion board/Forum
	Calendar

	Video/Audio/Desktop Conferencing
	Wiki/Portfolio
	Plagiarism Detection

	Simulation, Role Play
	Short answer questions
	

	Reflective/Personal Journal
	
	


Table 1. Electronic Learning Tools, grouped according to historical activity category, used in D.E.C.E.
	Course
	Selected Course Learning Outcomes with Affective components
	Affective Level

	
	
	(1)
	(2)
	(3)

	ECNG1xxx
	Be aware of the rules/conventions re: plagiarism/tools
	X
	X
	

	
	Model and compare algorithmic strategies in the operation of fundamental algorithms
	
	
	X

	ECNG2xxx
	Be aware of their learning preferences
	X
	X
	

	
	Critique the selection of a microprocessor-based system for an application
	
	
	X

	ECNG3xxx
	Discuss key standards, standardization initiatives and regulatory issues in a real-world context
	
	
	X

	
	Analyze static and dynamic phenomena as well as basic applications using vector field models, electrical circuit theory and computer-aided analysis tools
	
	
	X


Table 2. Selected Courses and Learning Outcomes with Affective Components 
from BSc Electrical and Computer Engineering, D.E.C.E.
OBSERVATIONS

Closed-form 
Closed-form (C.F.) activities facilitated the observation of individual achievement of the (1) receiving affective state. For example, ECNG1xxx 2008/9 student submissions for “core assignment 2” were examined for originality using Turnitin™.  Although 21/51 submissions were flagged as suspicious ( > 25% non-original content), investigation of the suspect cases revealed that the answer content was original, but the questions had also been included in submissions.

Closed-form activities also facilitated detection of shift(s) in cohort affective behavior. For example, student usage patterns for the resource server indicated that there was a lower average number of site visits per student (ECNG1xxx - 4, ECNG2xxx - 3, ECNG3xxx - 2), despite comparable percentages for each class accessing the site, indicating that students have become more proficient at using the site. Further, on examining access patterns, over the three courses for the beginning of Semester II 2008/9, shows that while first year students tend to access the site after class, final year students access the site both before and on the day of class. More strategic resource use could be attributed to cohort change, from (1) receiving to higher level affective behavior, in the management of their learning.
Electronic learning tools, which are associated with closed-form activities, require minimal interaction from, or manipulation by, the student. Most students are able to utilize these tools after minimal exposure/training.
Structured Free-form
Structured free-form (S.F.F.) activities allow individual affective behavior to be observed at the lower levels. For example, ECNG1xxx 2008/9 utilized short-answer questions in a lab exercise to assess students’ grasp of different programming constructs, in line with the learning outcome. Despite being informed that “optimality” was desirable, student responses reflected (1) receiving and (2) responding, but not (3) valuing affective behaviors.

Structured free-form activities also allow observation of the cohort affective state. For example, ECNG2xxx 2006/7 group-only discussion forum and wiki were used to complete specific assigned group topics/tasks such as identifying individual learning styles, and team-building activities.  Students did respond to specific tasks, but also displayed (3) valuing affective behavior by the process by using the forum to organize group meetings, express individual/group concerns, solicit peer support, and using emoticons and colors to organize their findings on the wikis.

Structured free-form activities are by definition, linked to a specific learning outcome. The authors’ therefore found it difficult to observe affective behavior change in an individual, using structured free-form activities. It may however be possible to observe change within a cohort, using different activities over time.

Electronic learning tools, which are associated with free-form activities, often require/permit advanced manipulation and interaction by the student. Without adequate training, prior exposure, and accessible troubleshooting support, students will have difficulty in using them. For example, the ECNG3xxx 2008/9 cohort, were provided with access to a course-wide forum, during a group activity, as a means of providing peer support and sharing information between groups during the activity. Groups were also asked to submit a report and 15-minute presentation via the forum at the end of the activity. There was no preliminary activity requiring forum use, and subsequently there was minimal forum use throughout the activity. Further, the file size limitation of the forum was not evident until some students attempted and failed to upload their submissions. Students opted to submit and exchange reports via email, thereby achieving the learning outcome, but the job of the educator was made more difficult in managing, assessing, and providing feedback to submissions.
Unstructured Free-form
Unstructured free-form (U.F.F.) activities are characterized by interaction between the student, and either their self (reflection), simulation, peers, or educators. These interactions potentially allow the observation of all levels of affective behavior for both the individual and the cohort. However, because of the diverse nature and varying volume of interactions, and since students can choose the activities in which they will participate, consistent observation of affective behavior levels, across individuals within a cohort was a challenge. 
One approach to addressing this challenge was to employ student-led unstructured activities where there was limited choice (coarse-grained unstructured free-form - C.U.F.F.) to observe affective behavior state in individuals/cohorts. For example, in ECNG2xxx 2006/7 student discussed a student-led suggestion for enhancing an aspect of the learning environment (unrelated to the articulated course outcomes). Those who voted indicated different levels of commitment ranging from: 0 votes -- bad idea, 5 votes -- use but no contribution, 17 votes -- use and contribution, 2 votes -- administration. The statements used clearly demonstrated affective behavior at levels (1) receiving (2) responding and (4) organizing respectively, as well as (3) valuing in all persons who voted. This indicates that the cohort affective behavior was between (2) responding and (3) valuing. The educator, for an individual assessment of affective state, could examine the individuals’ voting record.
Reflective writing activities (fine-grained unstructured free-form - F.U.F.F.) can be used for the observation of an individual’s affective behavior (Huba and Freed, 2000).  One key observation was that these need not necessarily be purpose-written reflections, but can also come from spontaneous interactions. For example, in ECNG1xxx 2008/9 students were invited to use the chat forums to communicate within their groups.  Again with no structured activity to prompt, participation was low. However one person from one group attempted to do so, and clearly displayed (3) valuing affective behavior:

“Guys feel free to post about trouble areas for each assignment and clarification on class things. 75% of the time everyone has the same questions, they either don't ask or just don't realize it. I'll do my best to help if I know anything of value.”
In another example, in ECNG3xxx, following a simulation activity, students were invited to comment upon their experiences, and reflect upon what they had learnt.  In several instances students did respond indicating with positive comments about the exercise and the need to compare between tools (51/59 students responded).  In other instances, students commented upon how the exercises would help them in the future, and indicated intentions to continue working on gaining a better understanding of the entire process.  Several were very critical about their own limitations and provided examples of how they would address these. A few responses are provided in Figure 1.  These are all individual examples of higher level (3) valuing (4) organization and (5) characterization affective behaviors.
Whilst powerful, the authors’ are mindful of the time-consuming nature of observing affective behavior in written reflection, and the difficulty in reliably automating the task (using for example verb-analysis). As such, this method is probably best suited to looking for evidence of change in an individual’s affective behavior, rather than attempting to determine affective state.
DISCUSSION
A. Can electronic learning tools be used to observe affective behavior in activities from the associated category?

Initial review indicates that electronic learning tools, used in activities from the associated category, have allowed D.E.C.E. educators to observe affective student behavior. D.E.C.E. educators should note that due to their maturity levels, it is unlikely that higher-level behavior will be displayed by the cohort in early years. 
The educator should ensure that the tool functions as required, that students have been appropriately trained/introduced to the tool, and that support for the tool is available.

Further, the tool/learning management system should support facilities, which allow the educator to assess affective behavior in situ. For example, myeLearning is based on Moodle 1.8 that allows custom scales which facilitate the ranking of affective behavior in forums and assignments.
B. Can electronic learning tools be used to distinguish between higher-level affective behaviors in free-form unstructured activities?
Initial review indicates that it is possible to distinguish between higher-level affective behaviors (3) valuing (4) organizing and (5) characterizing using electronic learning tools for free-form unstructured activities. 

Because of the inherent nature of unstructured free-form activities: optional, diverse, and unrelated to the course outcomes, measurement/grading of higher-level affective behavior should be done on a cohort/group basis.
C. Do electronic learning tools differ in their ability to distinguish between higher-level affective behaviors in free-form unstructured activities?
Initial review indicates that some tools lend themselves to assessment of cohort and individual state, while others are better suited to assessing individual change. 
An important observation is that unstructured free-form activities need not necessarily be purpose-written reflections, as engineering educators are sometimes uncomfortable with deliberately setting/assessing a reflective exercise. 
Another observation is that due its time consuming nature, adequate educator support must be made available for assessment of fine-grained unstructured free-form activities.  

Figure 1. Sample statements from ECNG3xxx students, in response to a reflective F.U.F.F. activity
In light of these observations, guidelines (Figure 2) are proposed for D.E.C.E. and offered for consideration by the wider community. It is anticipated that the guidelines presented will need to be revised as different D.E.C.E. educators put them to the test. There are several key questions that arise:
· Have the electronic learning tools, which were not reviewed here, been correctly categorized?
· Do the guidelines consistently allow observation/measurement of desired affective behavior?

· Does failure to comply with guidelines consistently hinder observation/measurement of desired affective behavior?

· Do the guidelines actively promote student affective behavior change? 
· Are there specific challenges related to operationalising the guidelines? For example:
· reliability/features/bugs of myeLearning
· external factors which influence student behavior
· use of non-electronic tools to observe/measure affective behavior
· Can electronic learning tools be used to reliably distinguish between different affective levels, i.e.  generate an affective behavior “score” with the following properties:

· Positive correlation with independent measures of student affective performance

· Low correlation with measures of cognitive/physio-motor performance

· Change in student affective performance observed throughout program 

Further research will aid in answering the above questions, and will also provide more insight into the use of electronic learning tools in measuring student affective state.
	Individual 
	Group

	Affective level
	(1)
	(2)
	(3)
	>(3)
	Affective level
	1
	2
	3
	>3

	Change
	C.F.

F.U.F.F.
	F.U.F.F.
	F.U.F.F.
	F.U.F.F.
	Change
	C.F.


	C.F.


	C.F.


	

	State
	C.F.

S.F.F.

C.U.F.F.
	S.F.F.

C.U.F.F.
	S.F.F.

C.U.F.F.
	F.U.F.F.
	State
	C.F.

S.F.F.

C.U.F.F.
	S.F.F.

C.U.F.F.
	S.F.F.

C.U.F.F.
	C.U.F.F.


Table 4 Category of activity capable of identifying change/state of affective behavior for an individual or group

Figure 2. Proposed Guidelines for selection of activity and electronic learning tool. 
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Program/Course Educator should identify 


 the Year-Group(s) to be observed,


 the desired minimum affective behavior level(s) 


whether observation of the affective state or the change in affective state is required 


whether affective behavior is to be observed for individuals(D.E.C.E. specific: small class <30) or across cohort(D.E.C.E.-specific: large class>60)


Course Educator should use parameters identified, to select an appropriate activity category using Table 4. Barring extra-course considerations, it is suggested that the least obtrusive category be chosen from the available candidates. It is also noted that a course outcome must be selected for linking with Structured free-form activities, and a course resource must be selected for linking with closed-form activities.


Course Educator should identify electronic learning tools within the category, using Table 1, suitable for supporting the activity. Factors influencing suitability include:


Support for the tool and for assessing affective behavior in LMS


Ability to accommodate resource requirements for cohort size e.g. human support, IT support, disk space, time


(for closed form activities) availability and suitability of course resource


(for structured free form activities) availability of content for activity


(for unstructured freeform activities) availability of preceding structured freeform activities using the same electronic learning tool


(for coarse-grained unstructured freeform reflective activities) opportunities for student-led group/cohort reflection


(for fine-grained unstructured freeform reflective writing activities) opportunities for unsolicited individual reflection


Affective behavior assessment for individuals can be based on a single binary observation, if the desired behavior is lower level (receive, respond, value) and the educator is merely interested in establishing compliance. Any attempt to either distinguish between higher-level affective behaviors for an individual, or to allocate marks for affective behavior, should be based on multiple independent observations.


There should be a program wide baseline for affective behavior in each year-group, with agreed criteria for observing the affective behavior. 


D.E.C.E. Program-Specific: Where not otherwise specified, the Year Group will provide the baseline for the required threshold level of affective behavior: Yr1 – receiving, Yr2 – responding, Yr 3 – valuing; consistent with Krathwohl et al. (1964)











“The entire exercise was found to be generally interesting and informative. The software itself was, however, very user unfriendly as it lacked proper documentation. As a result of this you had no other choice but to experiment with the different functions that were available until an appropriate answer was obtained. Having gone through this very tedious and tiring process I can now say that once you have familiarized yourself...it is indeed a very powerful tool.”





“This project tested my skill of patience and further enhanced my calculation skills and my knowledge for simulations. I think this process was tedious in determining some of the parameters of the cable but I understand why they were necessary.”





“The exercise provided me with insight into the various stages of creating and testing models. It is appreciated that the model is in essence an inaccurate replica of the physical entity. To be effective the characteristics of the entity must be understood as approximations of these characteristics may be needed for the model creation. Simulation is indeed an invaluable tool for analysis and design.  Analysis through the use of various approaches is important as their results can be compared.”





“By using the 2D modelling software, the field distributions could be observed for the various parameters. By performing an analysis using the hand and empirical analysis as well, we were able to compare the accuracy of analysis via simulation. The 3D tool provided was not directly comparable to the 2D tool, but it did help with the initial visualization.  Overall, using the software was a good learning experience in performing the simulations and analysis, but the analysis would have been better using a 3D model version, since in using the 2D model, a few assumptions had to be made which, depending on the techniques used in solving for the various parameters could have resulted in misleading values.  However, in the real world, this simulation may be enough for preliminary analysis since it can give an idea of whether the cable is good enough to be used in under certain conditions. As a result, the simulations can save money and time since it gives a good estimate of the characteristics of the cable and therefore its performance and usability.”





“Additionally, simulation software has been used to validity the ability of using a particular device or technique for a given application. At the 17th Word Conference on Non-destructive Testing held in China, a group of engineers displayed in a paper entitled ‘Simulation of magnetic field distribution of excitation coil for EM flow meter and its validation using magnetic camera’ the ability to accomplish this. The engineers used the EM simulation software COMSOL to simulate the environment and verify that it was possible to build a working prototype. This capacity of EM simulation software gives users the power of analysis without having to waste precious dollars on a design that may not work and also allows them to tweak such designs to accomplish the design objective.  After this activity I can definitely relate to that.  I better understand my needs and am more equipped to pursue further development as an engineer.”





“Simulation software can be used as a tool to assist young engineers in grasping a better understanding in the various complexities of the discipline. In this instance, as both types of fields are unseen to the naked eye, the propagation of these fields through and around a particular medium is shown through the various capabilities of the software being used. Also experimentation with computer aided designs also introduces students to the limitations of the various software packages that exist on the market. This is extremely important as simulation performed by one package may not provide the quality of information of an alternative software package.”
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