The Influence of Problem Structure on Students’ Use of Innovative Learning Strategies

Background and Theory
As educators, one of our primary concerns is preparing students for the challenging ways in which they will be asked to apply their knowledge after leaving the undergraduate educational environment (e.g. in industry, graduate school, etc).  Instead of approaching transfer from the traditional standpoint of assessing people’s ability to apply knowledge to new situations, Bransford and Schwartz [1] proposed focusing on their ability to pick-up on and learn from the key components in an information-rich environment that are required for adaptation to and performance in that environment.  They point out:

When organizations hire new employees, they do not expect them to have learned everything they need for successful adaptation.  They want people who can learn, and they expect them to make use of resources (e.g., texts, computer programs, colleagues) to facilitate this learning.  The better prepared they are for future learning, the greater the transfer (in terms of speed and/or quality of new learning.)  (p. 68)
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Described by this idea is a new view of knowledge transfer – “preparation for future learning” (PFL).  Understanding ways in which educators can promote both the efficient use of acquired knowledge (i.e. traditionally defined transfer) as well as the ability to use knowledge to learn about and learn in new situations (i.e. PFL view of transfer) is the primary goal of our research.  Schwartz, Bransford, and Sears [1] have proposed a schema for describing transfer in this new way – the adaptive expertise framework (Figure 1).      The framework defines expertise on two axes representing efficiency and innovation.  Researchers investigating expertise have identified two types of experts: routine experts and adaptive experts [2].  Routine experts can solve familiar problems quickly, accurately, and efficiently, but they lack the innovative learning strategies required to address novel problems.  In contrast, adaptive experts possess the ability to modify problem-solving approaches and invent new procedures to arrive at solutions [3].  The framework’s efficiency dimension describes factors such as speed in retrieving knowledge, accuracy of knowledge application, and consistency of accurate application (i.e. it encapsulates the traditional view of transfer). Innovation is marked by the ability to fluently rearrange knowledge to facilitate the handling of and learning about new kinds of problems (i.e. PFL).  The framework describes adaptive experts as highly skilled in both dimensions.  Studies that have approached transfer and learning from the perspective of the adaptive expertise framework have routinely suggested that students can best be prepared for future knowledge transfer by early opportunities to innovate or invent new knowledge [4, 5].  

Research Question

The work that we present is an effort to further our understanding of the kinds of activities that are most likely to prepare students for learning in the engineering environment. It has been suggested that in order to promote innovative learning behaviors among students, it is necessary to give them opportunities to practice using those types of skills [2] and “invent” new ideas [5] . We have therefore set out to understand students’ use of innovative learning strategies by investigating the question: How do students’ perceptions of and reactions to constrained and unconstrained problems influence their use of innovative learning strategies?

Methodology

Problems.  Two problems were chosen for students to solve: a constrained and an unconstrained problem (Figure 2).
	Constrained Problem

(“Beverage Cooler”)

Develop a device that:

· Can cool six-12 ounce beverage to < 40 °F in under five minutes

· Is portable

· Able to cool 30 beverages

· Cost of building material is < $30
	Unconstrained Problem

(“Infant Feeder”)

Design assistance for the GHO:

· GHO working to combat mother-to-child HIV transmission

· HIV can be passed through breast milk
· Mothers insist on breastfeeding to avoid being  labeled by disease


Figure 2.  Constrained and unconstrained problems addressed by study participants.

Jonassen’s [6] framework of problem attributes was used as a guide in the selection and classification of these problems. Using this framework as a guide for the selection of our study’s problems, we were able to identify problems that varied only in their degree constraint.  

Participants.  Participants in this study were eight senior engineering students at two major Midwestern university.  Six participants were chemical engineers (two Caucasian females, one Asian-American female, two Caucasian males, one Asian male), and two participants were mechanical engineers (one Caucasian female, one Caucasian male).  Each subject was offered a $10 gift certificate for participation in the study.

Data Collection.  Data were collected from each participant over the course of four problem-solving sessions. We documented our participants’ problem-solving strategies by collecting two sources of data: think-aloud protocols and students’ written work.  The solution protocols produced by our participants were obtained by audio taping and later transcribing each session.  At the end of each session, students’ written work was also collected for analysis. During each session, participants were given up to one hour to work, were told they would have a second opportunity to address the each problem, and provided access to the internet. They were instructed to document their work as thoroughly as possible and to record any references viewed on the internet.
Data Analysis.  Students’ verbal protocols were coded based on four items of interest in our investigation of their innovative learning strategies use: proposed solutions, attempts to learn, information gathered, and application of new information.  The coding scheme applied to the data is presented, with illustrative student quotes, in Table 1.

Table 1.  Coding scheme applied to study data. Presented along with the four codes are the symbols used to represent them in later figures, a code definition, and an example quote.

	Code
	Symbol
	Description
	Example Quote

	Proposed 

solution       
	[image: image3.emf]AP

IF

IF

Beverage Cooler

LA PS PS LA LA PS

IF

PS

LA

IF

AP

LA

PS

IF IF

PS

PS

LA LA LA

LA

IF

LA LA LA LA

IF

AP

IF

AP

IF

AP

IF

AP

AP

IF

LA

IF

AP

AP

IF

IF

Beverage Cooler

LA PS PS LA LA PS

IF

PS

LA

IF

AP

LA

PS

IF IF

PS

PS

LA LA LA

LA

IF

LA LA LA LA

IF

AP

IF

AP

IF

AP

IF

AP

AP

IF

LA

IF

AP


	Consideration and/or description of a potential solution
	“We could go the route of taking the mother’s breast milk and somehow purifying it…”

	Learning

Attempt
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	Search for information deemed necessary to move forward in generating a final solution
	“I wonder how much milk a baby should be drinking?”

	Information 

Found
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	Report of information found from a learning attempt
	[reading] “…Newborns take two to three ounces per feeding and eat every three hours.”

	Application of new information
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	Subsequent use of information gained during learning attempt
	“Ok, I’m going to assume my device should be able to hold enough milk for 6 hours, so that would be at least six ounces…”


After coding all verbal protocols, students’ solutions were diagramed to illustrate how they approached learning about and solving each problem.  Solution diagrams were generated by rereading each solution protocol.  A new branch was added to the diagram for every new and independent solution proposed or learning attempt made.  When solutions, learning attempts, new information, or information application arose from a previously diagramed step, they were added to their corresponding branch. Consider for example, the following excerpt where assigned codes are indicated in parentheses after the corresponding statement: 

“I want to know what alternative breastfeeding options there are out there (LA)…[reading from the internet]…it’s sometimes common in other countries for more than one woman to feed a child…A woman who has been selected to breastfeed another’s baby is known as a wet nurse (IF). Well, maybe that’s a solution too, so if you set up a non-HIV wet nurse program (PS)…Now I’m going to look for more information on how HIV is transmitted through breast milk (LA)…”
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Figure 3 illustrates the solution diagram for this excerpt.  In this case, the student initially decided she wanted to know more about what alternatives to breastfeeding were available. This learning attempt therefore began a new branch to the solution diagram.  Upon reading more about breastfeeding alternatives, she learned that wet nurses were used in some communities. Because this information stemmed from the previously diagramed learning attempt, it was used to extend the existing branch.  When the student used that information to propose using wet nurses as a solution to the problem, the branch was extended again. The subject then decided to turn her attention toward learning more about HIV transmission and new branch was therefore created. 
Results

The results of our analysis indicated that students behave very differently, in terms of their use of innovative learning strategies, when solving constrained and unconstrained problems.  Figure 5 presents the solution diagrams generated from one student’s solutions as illustrative of the typical solution diagram seen for each problem.  Coding symbols used in the figure were described previously in Table 2. 


	 
	


Figure 5. Typical diagrams for constrained, beverage cooler and unconstrained, infant feeder problems.

Constrained, Beverage Cooler Problem.  Figure 5 demonstrates that as compared to their solutions to the unconstrained problem, students’ solutions to the constrained problem demonstrated attempts to learn about the problem at a much deeper, more precise level.  They also exhibited greater use of what they were able to learn while solving the constrained problem.  Overall, this solution diagram demonstrates several qualities typical to students’ solutions to the constrained problem: 1) deep attempts at learning about the problem , 2) very directed learning attempts (e.g. “I’m looking for some data on the properties of liquid nitrogen.”), and 3) direct applications of information learned during learning attempts.

Unconstrained, Infant Feeder Problem.  In contrast to the solution diagrams generated from students’ solutions to constrained solutions, those arising from solutions to unconstrained problems exhibited fewer attempts to learn about the problem. Moreover, those attempts that were made were often directed at obtaining a much more generalized understanding than those made during work on the beverage cooler problem and the information gathered during learning attempts was applied to the solution much less frequently.  This unconstrained solution diagram embodied several characteristics common among all unconstrained solutions: 1) attempts to learn about the problem stopped at the surface level (e.g. “How is HIV deactivated?” was not followed up by attempts to learn about how to use deactivation methods.) and 2) learning attempts often produced unused or unapplied information.

Discussion

Our results suggest that when working on constrained problems, students were better equipped to recognize what information they needed to solve the problem, more aware of where to find such information, and more capable of using that information upon finding it.  This was in contrast to their behaviors when solving unconstrained problems, which demonstrated an inability to grasp the problem fully enough to make useful attempts at learning during the problem-solving process.  Instead students appeared unable to “bound” the problem and unsure of how to use the information they were able to obtain.  We found that when working on the constrained problem, students recognized similarities to the types of problems they were used to seeing in their every day coursework.  They were therefore able to take cues from these similarities and formulate ideas about the kinds of information they would need to solve the problem.  Alternatively, when faced with the unconstrained problem, students exhibited behaviors suggesting that they felt too far removed from familiar situations to draw connections to the types of problem-solving they had encountered in the past.  It remains unclear, however, whether or not the type of “floundering” seen in students’ solutions to the unconstrained problem is, in fact, typical behavior for unconstrained problems.  Further research is required to understand what an adaptive expert’s solution to each problem might look like and how much “searching” and “bounding” should be expected for open-ended, unconstrained types of problems.  In other words, should we expect that the solution diagram for the unconstrained problem will ever approach that of the constrained diagram, even in the case of the adaptive expert?

In terms of curricular design, perhaps our findings suggest that typical coursework should be more like the unconstrained problems if, in fact, we want students to be more proficient in this type of problem solving. This is consistent with suggestions that the adaptive expertise framework be used as a tool for both assessment and instruction [1]. We speculate that there is likely an “intermediate” problem structure that can help scaffold students’ transition from constrained (back-of-the-book) problems to the unconstrained (very open-ended) types of problems for which we ultimately aim to prepare them.

Conclusions
The results from this type of research can provide insights into the types of problems educators might use to scaffold their students’ experiences using innovative learning strategies.  Based on the progress of our work to-date, we plan to further explore how to best integrate innovative learning strategies into students’ problem-solving behaviors.  Ultimately we hope the results from this type of work can provide insights on how to place students on a trajectory toward adaptive expertise and provide them with the learning experiences they need in preparation for successful knowledge transfer in real-world situations.
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Figure 3.  Solution diagram.






































































































































