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The Effects of Curriculum Structure on 

Students’ Organization and Use of Knowledge
ABSTRACT:  This study investigates whether curriculum structure influences the manner in which students organize knowledge in memory and later use it to answer structured test questions. The results of a laboratory experiment conducted with undergraduate students are consistent with expectations. Students who learned identical information about a topic were likely to structure it differently in memory depending on the structure of the curriculum from which they acquired this knowledge. These differences in memory structure significantly influenced their performance on certain types of test problems. Specifically, performance was superior on test problems that had a structure similar to students’ memory structures and inferior on test problems that did not match memory structures.  On problems that did not favor a particular structure, there were no differences in student performance. Implications for new accounting curricula designs and assessment methods are discussed.
The Effects of Curriculum Structure on 

Students’ Organization and Use of Knowledge
Curriculum reform has been ongoing in many undergraduate and graduate business programs in the United States and Canada. The primary focus in these reforms has been to restructure curricula, with many moving away from the traditional structure that integrates topics within business functions (e.g., financial reporting, management accounting, auditing/assurance) toward new structures that integrate across functional areas. Examples of these new structures are evident in some university and professional accounting programs that now organize courses by business processes or by stages of the business lifecycle (e.g., start-up, growth, maturation). The goal of the current study is to determine how different curriculum structures affect the way students organize their discipline-specific knowledge and whether different structures affect how successfully students use that knowledge in various problem contexts.

To investigate these effects, we used a laboratory experiment to simulate the training and testing that occurs in many learning environments. We determined that an experiment was the most appropriate method for our study because it allowed us to control for several factors that are confounded in “real world” learning environments. This level of control is inherently difficult to obtain in a field study or in other methods of passive observational research because new curriculum structures are often introduced at the same time as other curriculum innovations (e.g., new pedagogies such as problem-based learning, new delivery methods such as distance education, and new methods of assessment such as competency-based evaluation). 

In our experiment, participants learned about factors that influence business viability. These factors were presented in a curriculum that was organized either by business function or stage of business lifecycle.  Experimental results showed that a curriculum organized by business function produced students who organized their knowledge by business function and a lifecycle-based curriculum structure produced students who organized their knowledge by business lifecycle. 
Our experiment also investigated the effects of curriculum structure on students’ application of knowledge. By systematically varying test conditions, we found that the use of knowledge depended on an interaction between curriculum structure and problem structure. Specifically, when addressing a problem involving a business function, students recalled more knowledge if they had been trained with a curriculum organized by function. In contrast, when addressing a problem associated with the stage of a business in its lifecycle, students recalled more knowledge if they had been trained with a curriculum organized by business lifecycle. Importantly, our experimental results also showed that, when confronting a problem that requires concurrent consideration of function and lifecycle dimensions, student performance was unaffected by curriculum structure. These results, taken as a whole, suggest that a single curriculum structure is unlikely to be superior in all problem environments, implying that problems should not be designed to favor one curriculum structure over another.

To our knowledge, our study is the first to reliably demonstrate that the structure of accounting and business curricula influences student knowledge. In doing so, we make several important contributions to accounting and business education. We provide empirical evidence indicating that curriculum structure, apart from curriculum content, is a key element to be considered when redesigning educational programs. In this way, our findings offer guidance for those currently contemplating curriculum revisions. While we do not attempt to answer the question, “which structure is best?”, we are able to demonstrate that structure does matter. As a consequence, our findings provide feedback for programs that already have invested significant time, energy, and money to develop new curriculum structures—investments that were based largely on the presumption that such change influences learning. 
Another significant contribution is that our study reveals test conditions that influence students’ use of knowledge. Our findings underscore the importance of aligning problem structure with curriculum structure when assessing student knowledge. By making the structure of problems more consonant with curriculum structure, educators should be better able to measure the effects of their curriculum restructuring efforts on their students’ learning. 

Curriculum Structures, Prior Research, and Development of Hypotheses

Curriculum Structures

Until recently, most businesses have been organized by functions such as finance, marketing, production, and accounting. Not surprisingly, this function-based structure has been the predominant basis for organizing business education and accounting programs. Courses such as financial accounting, managerial accounting, auditing/assurance, and tax are commonplace in most accounting programs. However, this is beginning to change. Now that many managers are rethinking the way in which their businesses are organized, so too are accounting educators rethinking the way in which their courses are organized. 
Two new curriculum structures have recently emerged in accounting, both of which integrate topics across, rather than within, functional areas. One approach is to organize topics by business process—a structure that is discussed and illustrated in depth by Walker and Ainsworth (2001). Another approach is to organize accounting courses by the stage of the business lifecycle. Because this approach is the focus for our study, we briefly describe how it has been implemented in practice.

In Canada, the Chartered Accountants School of Business (CASB) began using a business lifecycle approach in 2001 as the organizing structure for graduate-level-courses that its students must take after completing an undergraduate accounting education, en route to qualifying as a Chartered Accountant in Canada. The first course focuses on financing, management accounting, and tax planning decisions pertaining to enterprises in the start-up phase of business. Subsequent courses examine issues faced by accounting practitioners who advise companies involved in the growth and mature stages of the business lifecycle. Although this curriculum structure seems intuitively appealing, a controlled and systematic evaluation is needed to determine whether it influences how students organize the knowledge they acquire and the way in which that knowledge is used when solving problems.
 
Prior Research on the Organization of Acquired Knowledge 

Several studies have examined how topic categories influence the manner in which audit knowledge is organized in memory by experienced auditors. These studies (e.g., Frederick 1991; Frederick, Heiman-Hoffman, and Libby 1994; Nelson, Libby, and Bonner 1995) demonstrate that auditors learn to organize their knowledge about financial statement errors into categories organized by either transaction cycle or audit objective. Bonner, Libby, and Nelson (1996) also demonstrate that these audit categories can be taught to undergraduate and MBA students, and that these students in turn use these categories for understanding and organizing information about the relative frequency of accounting errors. 

Little research has been conducted, however, to determine how undergraduate students organize their knowledge (Curtis and Davis 2003) and, to our knowledge, no research directly examines the effects of curriculum structure on knowledge organization. This paucity of research is somewhat surprising. As Curtis and Davis note (2003, p. 186), high quality knowledge organizations facilitate most cognitive functions, including identifying and encoding relevant information, retrieving that information from memory, activating appropriate problem strategies, and retaining and elaborating on existing knowledge. Clearly, we need to know more about how to influence students’ organization of knowledge if we are to help students become the “disciplined and creative problem-solvers” that the accounting profession desires (PricewaterhouseCoopers 2003, p. 29).

In our study, we examine whether curriculum structure influences the organization of knowledge that students acquire about business failure factors.
 Figure 1 displays the 20 factors that students were taught in our experiment. Based on the preceding research, we hypothesize that students will organize knowledge that they acquire about the instructed topic (business failure) according to the structure of the curriculum within which they are instructed. We formalize this hypothesis as follows:

H1:
When acquiring knowledge about business failure factors, students will organize their knowledge according to the structure of the curriculum in which they are taught. 
In the context of our study, H1 implies that students who learn business failure factors in classes organized by business function will organize their knowledge by function, whereas students who learn business failure factors in classes organized by stage of business lifecycle will organize their knowledge by lifecycle.

Insert Figure 1 here

Use of Acquired Knowledge 


Several prior studies have shown that the organization of knowledge in memory can influence the extent to which that knowledge is applied to a decision problem (e.g., Choo and Trotman 1991; Frederick 1991; Day, Arthur, and Gettman, 2001). Knowledge organization influences the way in which people represent problems that they encounter (e.g., Bedard and Biggs 1991; Boland et al. 2001).  When people encounter problems that match their knowledge organization, they can more easily retrieve relevant knowledge from memory and incorporate it into their problem representation and analyses (Devine and Kozlowski 1995; Vera-Muñoz 1998; Vessey 1991). On the other hand, if the knowledge organization does not match the structure of the problem, people are less likely to use relevant knowledge that they possess (e.g., Bonner, Libby, Nelson 1996). 


An illustration of these match-mismatch effects is provided in Figure 2. Suppose knowledge is organized by lifecycle, as shown in Panel A of Figure 2. Individuals with this knowledge organization will find a task relatively straightforward if it requires them to use this knowledge on a problem that arises from the stage of the lifecycle (i.e. Start-up or Mature) in which the business is situated. They would access the appropriate category in memory and use it to construct their problem representation. However, for these people to address a problem that is believed to arise from a particular business function (say Financial or Strategic in nature), they would have to access both of their knowledge categories and aggregate the applicable factors (labeled in Figure 2 as either F or S). A similar pattern of differences in problem solving is likely to exist for individuals who organize their knowledge by function. The example shown in Panel B of Figure 2 suggests that these individuals are readily equipped to address problems that arise from a particular business function, but not problems that are associated with the stage of the business lifecycle.

Insert Figure 2 here

Based on the preceding research and discussion, we hypothesize that students will be more likely to use knowledge on a problem when the structure of that problem matches the structure of the curriculum within which they were instructed than when it does not match that structure. To provide the greatest opportunity to detect the effects of curriculum structure on knowledge use, we assess problem-specific recall, which most believe is an initial and fundamental stage of knowledge use (e.g., Bloom, 1956).
  We formalize the expected interaction between curriculum structure and problem structure as follows:

H2:
Students will recall more (less) knowledge about business failure factors when the structure of a business failure matches (does not match) the structure of their curriculum. 


The discussion preceding H2 addresses knowledge use in situations that are most closely associated with either function or business lifecycle problems. We also investigate whether curriculum structure is likely to influence performance on a problem that involves both function and lifecycle dimensions. In this situation, we would not expect curriculum structure to impact knowledge use. This expectation can be understood by considering Figure 2 again. If a problem involves a particular business function as well as a particular stage of the business lifecycle (e.g., a Financial problem associated with a Mature company), then individuals with either knowledge organization will be faced with the same cognitive task. They will first need to access the dominant dimension in memory (i.e., Financial factors for a functionally organized knowledge structure and Mature factors for one organized by lifecycle stages) and then select the other applicable dimension from within the dominant dimension. Because the process for accessing these factors is equivalent across knowledge organizations, we expect no differences in knowledge use on this type of problem.  We formalize this hypothesis as follows:

H3:
On problems that require students to recall knowledge involving both instructed and uninstructed category structures, we expect no differences arising from differences in curriculum structure.

METHOD

Overview and Design

When participants began the experiment, they were advised that they would be taking part in educational activities that mimic much of what they do for regular classes. They were told that they would be taking part in a 2-hour training session that would assist them in learning factors that are commonly associated with business failure. They were told that this training session would require them to complete readings and exercises, and would be followed two days later by a testing session. 


Participants were randomly assigned to one of two between-subjects conditions. Participants assigned to a lifecycle condition received instruction about the business failure factors in two classes: (i) Start-up Businesses, and (ii) Mature Businesses (using the organization shown in Panel A of Figure 2).
 Participants assigned to a function condition received instruction about the same business failure factors in two different classes: (i) Financial Business Functions, and (ii) Strategic Business Functions (using the organization shown in Panel B of Figure 2).
 Importantly, although the organization of these topics differed between conditions, the content was held constant across conditions. All participants learned the same underlying material and completed the same exercises during the training session, as described in greater detail in the procedure section.


We also varied the structure inherent in three problems that the participants completed as part of their testing session. Each problem described a situation that was associated with (i) a particular stage of the business lifecycle (e.g., mature), (ii) a particular business function (e.g., a financial problem), or (iii) both a particular function and lifecycle stage (e.g., strategic and start-up). The particular lifecycle stage and business function used in the first two problems were randomly selected. The third problem, which involved both a business function and lifecycle stage, was constructed using the business function and lifecycle stage not tested in the first two problems.  An example of the third problem is presented in Appendix A. 

Procedure


All experimental procedures were administered using a computer program created in Microsoft Access. This delivery method controls for potential variations between experimental training conditions and avoids variations in instructor style that could inadvertently influence learning. A summary of the experimental procedure is presented in Figure 3. Participants began the experiment by providing demographic information, as well as data regarding their prior academic coursework and grades. They then were provided an alphabetically sorted list identical to Figure 1 and were asked to sort the factors into two categories according to how they thought the factors “best go together.” These pre-test sorts were recorded and analyzed to determine whether participants were inclined to sort the factors according to lifecycle or function.

Insert Figure 3 here


Immediately following the pre-test, participants entered the training stage. The primary activities during this stage required participants to read textbook-like material and complete multiple-choice questions and recall tests pertaining to this material. The training was separated into four segments, with each segment focusing on helping participants to learn five business failure factors. The four segments were organized into two courses, with the content of each course depending on the experimental condition to which participants had been randomly assigned. For example, participants in the lifecycle condition took two courses, with two classes per course: (i) Mature Businesses--Part A and Part B, and (ii) Start-up Businesses--Part A and Part B. Participants in the function condition took two courses, with two classes per course: (i) Financial Business Functions--Part A and Part B, and (ii) Strategic Business Functions--Part A and Part B.

The Microsoft Access program randomly determined the first course to be taken (e.g., Financial or Strategic, in the function condition) and the order of the segments to be presented within each course (i.e., Part A or Part B first). To ensure participants diligently attended to the experimental materials, they were not allowed to proceed from one segment to another until they could accurately answer the five multiple-choice questions pertaining to the lecture material for that particular segment. As an additional instructional tool, participants were required to reread all of the lecture materials for a segment if they answered any of the multiple-choice questions incorrectly in that segment. 

The training stage also included two categorization exercises that were administered after participants had completed the second and fourth segments.  In these two exercises, participants were provided a list of the 10 business failure factors that they had just finished studying and were asked to identify the problem with which each factor was associated. Participants received immediate feedback regarding the accuracy of each response. In a final problem-solving exercise, 40 short case scenarios were presented and students were asked to identify the business failure factor and the general problem with which it was associated. Again, participants received immediate feedback regarding the accuracy of each response. At the conclusion of the training stage, participants were paid for their participation and were reminded to attend the testing session that would be held two days later. On average, participants completed the pre-test and training stages in approximately 75 minutes.


Two days after completing the training stage, participants returned for the testing stage. The first task of the testing stage asked students to perform a sort task identical to the one they had completed during the pre-test. These post-training sorts were recorded and used to test H1. The next tasks of the testing stage required students to complete the three problems described in the overview and design section of this paper (and exemplified in Appendix A). After completing these three problems, participants completed additional tasks (not analyzed as part of this project) and post-experimental questions, were debriefed, and were paid for their participation in the testing stage.

Participants 

Participants were recruited from introductory accounting and finance and intermediate-level accounting classes at two different universities. Of the 52 participants who completed the pre-test and training stage, 49 completed the testing stage. Our analyses include data from these 49 participants. Most participants were majoring in accounting (51%), followed by finance (22%), management (10%), and several other business disciplines (17%). All participants had completed a course in introductory financial accounting, receiving an average grade-point of 3.0 (out of 4.0) in the course. The majority of participants (78%) had completed a course in introductory managerial accounting, receiving an average grade-point of 3.2 (out of 4.0) in that course. 

Materials


To develop the training materials, we first compiled a list of 38 factors that had been noted in prior research (Armitage and Jog 1999; Boritz 1991) as being commonly associated with business failure. Although these factors relate to a fundamental concept of accounting (the going concern assumption), they draw from many aspects of business including financial accounting, managerial accounting, marketing, and business strategy. To ensure our participants would be able to clearly categorize these factors as being associated with financial or strategic problems (in the function condition) and start-up or mature businesses (in the lifecycle condition), we pared-down the list to 29 factors that appeared to have minimal overlap between categories. We then provided the list of 29 factors and their descriptions to 4 financial accounting professors and 7 senior accountants with, on average, 29 months experience in public practice. These individuals first classified each factor as pertaining to financial or strategic, and then re-classified the list as pertaining to start-up or mature. Based on these responses, the authors categorized each of the 29 factors into one of the four cells represented by crossing financial/strategic with start-up/mature. The five factors in each cell for which there was the greatest classification agreement were retained for use in the training materials and others were eliminated. The overall rate of agreement on classifying the retained factors into financial or strategic categories (start-up or mature business categories) was 98% (88%). These data suggest that the factors were sufficiently differentiated to enable students to associate them with a particular categorization.


To ensure the problems used in the testing stage could be unambiguously associated with a particular function or lifecycle problem (or combination thereof) and would not be inadvertently influenced by style of problem presentation (Gobeil and Phillips 2001), the problem context was kept necessarily brief, as can be seen in Appendix A. Participants were instructed to assume that they were working for a consulting firm that had been contracted by a company to provide advice on business failure factors to which the company was susceptible. Participants were instructed to list the business failure factors that they would consider when analyzing the company, given its circumstances. 

The three problems involved (i) a lifecycle-only problem, (ii) a function-only problem, and (iii) a blended function-and-lifecycle problem. The particular lifecycle-only problem and function-only problem were randomly selected for each participant. For the lifecycle-only problem, participants were advised that the company they were analyzing had been operating for only one year and was considered a start-up company, or that it had been operating for many years and was considered a mature company. The ten start-up factors shown in Panel A of Figure 2 were applicable to the former case, and the ten mature company factors were applicable to the latter case. For the case involving a function-only problem, participants were advised that their direct supervisor had already begun to study the company and determined that its greatest risks were financial in nature, or were strategic in nature. The ten financial factors in Panel B of Figure 2 were applicable to the former case, and the ten strategic factors were applicable to the latter case. The blended function-and-lifecycle problem used a combination of the above descriptions to describe the company being analyzed, resulting in five applicable factors for this case. The blended problem is presented in Appendix A to demonstrate the problem information provided.  
RESULTS

Data Coding 


Knowledge organization was measured by assessing the structure of the categories into which participants sorted the 20 business failure factors. In particular, we calculated cophenetic correlations (Sneath and Sokal 1973), which measure the degree of association between participants’ classifications and other predetermined classifications (cf. Frederick et al. 1994; Nelson et al. 1995). For each participant, we calculated two correlation measures: one indicating the degree of association between their categorizations and the functional categorizations (FCORR) and one indicating the degree of association between their categorizations and the lifecycle categorizations (LCORR). These correlations were calculated using data obtained during the pre-test (preFCORR and preLCORR) and at the beginning of the testing stage (testFCORR and testLCORR).


Knowledge use was measured using participants’ recall of business failure factors elicited as responses to the test problems. Because participants responded to the problems in their own words, some subjectivity was involved in coding the responses. To ensure coding reliability, two coders (one of the authors and a research assistant) independently examined each participant’s responses to each of the three problems. From these responses, the coders counted the number of business failure factors accurately recalled for the function problem, the number of business failure factors accurately recalled for the lifecycle problem, and the number of business failure factors for the blended function-and-lifecycle problem. Participants were credited with an accurately recalled factor if their response conveyed the gist of the factor; responses did not need to be verbatim restatements of the wording used in the training materials. The two coders had a high level of agreement (90.5%). The coders resolved all differences.

Preliminary Analyses

To determine whether participants were inclined to sort the factors (before receiving formal instruction) according to lifecycle or function categorizations, we examined the data for preFCORR and preLCORR reported in Table 1. As one might expect given the way in which the business departments are structured at the two universities from which students were drawn for this study, participants’ pre-test sorts were associated with a function organization (average preFCORR = 0.389) but not with a lifecycle organization (average preLCORR = -0.016). Importantly, however, their sorts did not differ between experimental conditions (F=0.16, p=0.692 for preFCORR and F=0.26, p=0.613 for preLCORR), suggesting that randomization was successful in distributing participants’ existing categorization schemes equally between conditions.

We also conducted preliminary tests to determine whether the effects of the learning conditions depended on the university from which students had been drawn. These analyses found that university affiliation did not interact with the randomly assigned experimental condition at statistically significant levels for any of the dependent variables (all Fs<0.26, ps>0.617).

Insert Table 1 here

Tests of Hypotheses 


H1 predicts that students will organize their knowledge according to the structure of the curriculum in which they are taught. The testFCORR and testLCORR data reported in Table 2 are consistent with this hypothesis. Specifically, the mean testFCORR measure in the function condition (0.736) was greater than that in the lifecycle condition (0.037), at a statistically significant level (F=103.31, p<0.001). Similarly, the mean testLCORR measure in the lifecycle condition (0.557) was greater than that in the function condition (-0.048), at a statistically significant level (F=55.78, p<0.001).
  We also tested whether the training influenced the strength of category structure by comparing preFCORR with testFCORR in the function condition, and preLCORR with testLCORR in the lifecycle condition. Despite the relatively strong inclination to categorize by function at the pre-test, the strength of category structure did increase in the function condition (t=4.91, p<0.001). Similarly, the strength of category structure in the lifecycle condition increased (t=6.50, p<0.001). These results are consistent with H1, and suggest that curriculum structure had a strong influence on the way participants organized their knowledge of business failure factors.

Insert Table 2 here


H2 predicts that students will recall more (less) knowledge about business failure factors when the structure of a business failure matches (does not match) the structure of their curriculum. Table 3 displays, by condition, the mean number of business failure factors accurately recalled for each type of problem (i.e., function-only, lifecycle-only, or blended function-and-lifecycle). The maximum possible score in the function-only and lifecycle-only problems was ten. The maximum possible score in the blended function-and-lifecycle problem was five. Consistent with H2, we see that participants in the function condition accurately recalled an average of 4.7 factors on the function-only problem whereas those in the lifecycle condition accurately recalled an average of 3.4 factors. On the lifecycle-only problem, we see that participants in the function condition accurately recalled an average of 4.2 factors whereas those in the lifecycle condition accurately recalled an average of 5.3 factors. This crossover pattern of results is consistent with H2, and is confirmed in a repeated-measures analysis of variance that shows the number of business failure factors accurately recalled is associated with a significant interaction between curriculum structure and problem structure (F=14.09, p<0.001).
 
We observed a similar pattern of results in the number of errors intruding into participants’ responses (e.g., recalling start-up factors for a mature business problem). Specifically, on lifecycle problems, responses in the lifecycle condition contained fewer errors (0.48) than those in the function condition (1.73). On function problems, responses in the function condition contained fewer errors (0.23) than those in the lifecycle condition (0.87). A repeated-measures analysis of variance indicated that this interaction between curriculum structure and problem structure was significant (F=47.00, p<0.001). These results are consistent with the theory that the different knowledge structures influence knowledge use on different problem structures.

H3 predicts that, in contrast to the between-condition differences observed on the function-only and lifecycle-only problems, no between-condition differences will arise in analyses of blended function-and-lifecycle problems. Consistent with this hypothesis, the final column of Table 3 shows that the average number of factors recalled by participants in the function condition (2.4) did not differ from that in the lifecycle condition (2.6) (F=0.57, p=0.456). These results suggest that curriculum structure has little impact on student performance when the structure of the problem requires students to access multiple dimensions within their cognitive structures.

Insert Table 3 here

Additional Analyses 


The evidence presented above in tests of H1-H3 indicate that curriculum structure influences knowledge organization and use. Although these results are consistent with our presumption that knowledge organization is the driving influence on its use, they do not directly examine this relationship. Thus, to provide more direct evidence on this relationship, we examined the Pearson correlations between knowledge organization measures (testFCORR and testLCORR) and the number of business failure factors accurately recalled for the function-only and lifecycle-only problems. These correlations, reported in Table 4, indicate that knowledge organization is strongly associated with knowledge use on problems with a matched structure (r=0.485, p<0.001 and r=0.384, p=0.007), but not on problems with a mismatched structure (r=-0.178, p=0.222 and r=-0.044, p=0.765).  These correlations suggest that, consistent with our theory, as relevant knowledge structures grow stronger, so does performance on problems with similar structures. 
Insert Table 4 here

DISCUSSION


This study investigated whether curriculum structure influences the manner in which students organize knowledge in memory and whether that organization interacts with the structure of test problems to influence test performance. The results of a laboratory experiment conducted with undergraduate students are consistent with these expectations. Students who learned identical information about a topic were likely to structure it differently in memory depending on the structure of the curriculum within which they learned the material. These differences in memory structure significantly influenced their performance on certain types of problems. Specifically, performance was superior on problems that had a structure similar to students’ memory structures (and the antecedent curriculum) and inferior on problems that did not match memory structures (and the antecedent curriculum).  On problems that did not favor a particular structure, but instead required participants to access both an instructed and uninstructed organizing structure, there were no differences in student performance.


These results suggest that the apparent effectiveness of reforms in curriculum structure depends on a complex interplay between the structure of the curriculum and the structure of the assessment methods that are used to measure student learning. Our theory and results highlight the important role that assessment structure can play in evaluations of student performance. By aligning assessment structure to be consonant with curriculum structure, educators should be better able to measure the effects of their curriculum restructuring efforts on their students’ learning.
Although our experiment focused on curriculum and assessment structure with a relatively homogeneous group of participants, its results also may hold potentially important implications for the design of “uniform” national evaluations (e.g., the American Institute of Certified Public Accountants’ Uniform CPA Exam and the Canadian Institute of Chartered Accountants’ Uniform Evaluation). One emerging challenge faced in designing national evaluations is that the students now being assessed are likely to have graduated from programs that use alternative curriculum structures. Should the national evaluations unknowingly favor a particular problem structure, it is possible that students educated within a particular curriculum structure could be inadvertently favored in the testing process. Our experimental results (pertaining to H2 and H3) suggest that the most neutral evaluation is likely to be one that requires students to access multiple dimensions within their cognitive structures.

Limitations and Future Research


This study has several limitations that provide directions for future research. First, our study was not designed to determine the “best” curriculum structure for accounting or business education. Rather, our approach has been to use a controlled research method to assess whether curriculum structure has any detectable effect on student performance. Having now demonstrated that curriculum structure does affect performance, depending on the structure of the assessment method, our study establishes a foundation for future studies that can pursue the normative question of which methods are best in which contexts. Field research could guide this next step by documenting the structure of problems that students face after graduating from accounting programs.
A second limitation is that, although participants were recruited from two different universities, they had been exposed (albeit briefly) to only a function-based curriculum structure prior to the experiment. Although we can find no theory to suggest this pre-experimental exposure to a function-based curriculum structure would influence participants’ performance during the experiment, the possibility remains that previous exposure to alternative curriculum structures might lead to different results.  A related limitation is that we examined the effects of curriculum structure only on students’ introduction to a topic. We did not examine the effects of curriculum structure on subsequent learning. These limitations suggest that an important direction for future research might be to explore how knowledge structures adapt when subsequent training is based on structures that match (or do not match) existing knowledge structures. We do not yet know how the learning of advanced topics depends on the manner in which elementary topics are organized. This understanding would be valuable in determining whether a function or process-based model of undergraduate accounting education is likely to aid or impair learning in advanced professional training, which we believe is likely to be organized by function. 

A final limitation is that, to achieve the internal validity needed to support our conclusion that curriculum structure interacts with the structure of test problems, we sacrificed certain aspects of external validity. For example, students did not discuss or otherwise elaborate on the material they were learning, nor did they conduct independent research on the topic of instruction. Similarly, our measures for assessing student performance were necessarily limited in contextual richness. In particular, we relied on recall as a measure of knowledge use. Although these design decisions strengthen the reliability of our conclusions, they also limit the generality of our results. Rather than being able to generalize to the complex and multi-faceted problems for which many accounting educators aspire to prepare their students, we restrain our conclusions to simpler, more directed problems, which according to some commentators (Albrecht and Sack 2000) are more representative of the types of classroom problems in use today.
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Appendix A

Example of Problem for Eliciting Recall


Case 3

Assume you work for a consulting firm that has been contracted by a company to provide advice on business failure factors to which the company is susceptible. The company has been operating for only 1 year and is considered a start-up company. Your supervisor has already determined that the company’s greatest risks are financial in nature. 

Instructions

List below the particular business failure factors that you will consider when analyzing the company.

Figure 1

Business Failure Factors Included in the Experiment

	Business Failure Factor
	Description of Business Failure Factor

	Declining gross margin
	Realizing less mark-up on each sale of products/services

	Declining sales backlogs
	Declining sales backlogs (i.e., sales orders) signal lower future cash inflows and greater cost inefficiencies.

	Excessive financial leverage
	Borrows too much money and struggles to repay this money (along with interest owed)

	High ratio of fixed-to-variable costs
	Companies with high fixed-to-variable cost ratios are “locked-in” to costs regardless of sales/production level

	Inability to command supplier attention
	Suppliers less likely to provide the company with timely delivery of quality products/services at competitive cost

	Inability to establish relationship with strong dealers/distributors
	Weak network for distributing products/services

	Inability to generate sustained profits
	The company is able to generate profits in some years, but not in most years.

	Inadequate asset maintenance
	Leads to deterioration of property, plant, and equipment and long-term cost inefficiencies

	Inadequate marketing plan and execution
	Failure to promote products/services, resulting in insufficient demand from customers

	Inexperienced employees produce poor quality
	Failure to fulfill promises to customers; can lead to reduced future sales and higher costs (e.g., retraining)

	Insufficient capitalization
	Not enough money available to carry out business operations

	Insufficient innovation
	Failure to develop new products/services/processes

	Insufficient working capital
	Not enough assets to convert into cash to pay for debts owed in the short-term

	Loss of a key patent
	When a patent expires, competitors can enter and takeover the market with substitute products

	Loss of key personnel without replacement
	Key personnel are responsible for ensuring the company is working toward meeting overall objectives.

	Onerous pension funding obligations
	Requirement to set aside a significant amount of money for payment to employees when they retire

	Overdependence on one customer
	If a primary customer fails, the company may not be able to find other customers to sustain demand.

	Significant barriers to expansion
	If a company cannot expand, it will be relatively inefficient and might be overtaken by competitors

	Significant restructuring expenditures/costs
	One-time costs incurred to change strategic direction of business (e.g., discontinue product/business lines)

	Unfavourable purchase terms
	Without obtaining purchase discounts from suppliers, the company incurs a higher cost for products/services


Figure 2

Alternative Knowledge Organizations

Panel A – Knowledge Organized by Lifecycle


Panel B – Knowledge Organized by Function


Note:  This figure shows alternative ways for organizing knowledge about the same business failure factors. Panel A depicts knowledge categorized by stage of business lifecycle, with each dominant lifecycle (Start-up and Mature) containing a mixture of Financial (F) and Strategic (S) factors. Panel B depicts knowledge categorized by business function, with each dominant function (Financial and Strategic) containing a mixture of factors pertaining to Start-up (S) and Mature (M) businesses. 

Figure 3

Experimental Procedure


Pre-test

1. Introduction and background questionnaire

2. Free sort task 



Training

3. Repeat learning trials

a. Class 1a

i. Instructional material (i.e., description of 5 factors)

ii. Multiple-choice questions

iii. Recall test 

b. Class 2a

i. Instructional material (i.e., description of 5 factors)

ii. Multiple-choice questions

iii. Recall test 

c. Categorization exercise 

d. Class 1b

i. Instructional material (i.e., description of 5 factors)

ii. Multiple-choice questions

iii. Recall test 

e. Class 2b

i. Instructional material (i.e., description of 5 factors)

ii. Multiple-choice questions

iii. Recall test 

f. Categorization exercise 

g. Problem-solving exercise



Testing

4. Free sort task 

5. Problems 

a. Lifecycle-only problem

b. Function-only problem

c. Function-and-lifecycle problem

6. Other tests.

7. Post-experiment questionnaire & debriefing

Table 1

Mean Pre-test Cophenetic Correlations 

(Standard Deviation in Parentheses)

	Condition
	preFCORR
	preLCORR

	Function
	0.372 (0.293)
	-0.019 (0.049)

	Lifecycle
	0.408 (0.348)
	-0.012 (0.052)

	Average
	0.389 (0.317)
	-0.016 (0.050)


Note:  Two tests of cophenetic correlations were run for each participant. This table reports, for the function and lifecycle conditions, the mean cophenetic correlations indicating the degree of association with function (preFCORR) and lifecycle (preLCORR) categorizations before participants began the training stage.

Table 2

Mean Post-training Cophenetic Correlations 

(Standard Deviation in Parentheses)

	Condition
	testFCORR
	testLCORR

	Function
	0.736 (0.268)
	-0.048 (0.009)

	Lifecycle
	0.037 (0.205)
	0.557 (0.414)
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Note:  Two tests of cophenetic correlations were run for each participant. This table and chart reports, for the function and lifecycle conditions, the mean cophenetic correlations indicating the degree of association with function (testFCORR) and lifecycle (testLCORR) categorizations after participants had completed the training stage.

Table 3

Mean Number of Factors Correctly Identified 

(Standard Deviation in Parentheses) 

	Condition
	Type of Case Problem

	
	Function-Only
	Lifecycle-Only
	Function-and-Lifecycle

	Function
	4.7 (2.8)
	4.2 (2.4)
	2.4  (1.4)

	Lifecycle
	3.4 (2.0)
	5.3 (2.6)
	2.6 (1.4)
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Note:  This table and chart reports, for the function and lifecycle conditions, the mean number of factors participants recalled for problems of varying structure (i.e., function-only, lifecycle-only, and function-and-lifecycle problems).

Table 4

Pearson Correlations 

(p-values in Parentheses)

	Number of Factors Identified in …
	testFCORR
	testLCORR

	Function-only problem
	0.384 (0.007)
	-0.044 (0.765)

	Lifecycle-only problem
	-0.178 (0.222)
	0.485 (0.000)


Note:  This table reports Pearson correlations that show the strength of associations between the strength of knowledge structure organization (i.e., testFCORR and testLCORR) and performance on problems of varying structure (i.e., the number of factors recalled for function-only and lifecycle-only problems).
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� Prior education research has examined either the structure of knowledge (Donald 1987, Donald 1993, Smith 1992) or whether instruction in a particular knowledge structure improves recall performance (Brooks and Danserau 1983). Our study extends the existing research by examining the relationship between two different knowledge structures and recall performance.  


� We chose to study the effects of organizing by business lifecycle, rather than business process, for several reasons. First, this curriculum structure is one that almost all of our undergraduates encounter just prior to qualifying for their professional accounting designations (in Canada). Second, this curriculum structure corresponds closely to the topics on which our participants would be instructed in the experiment (business viability). Third, this curriculum structure exhibits the same fundamental across-function integration of topics as the business process structure. Because our goal is to determine the effects of within versus across function integration of topics, rather than identify the “best” organization per se, the findings from studying the business lifecycle structure should be equally informative as findings from studying a business process structure. 


� In Canada, after completing an undergraduate accounting program, students take additional graduate-level classes to qualify to write the Canadian Institute of Chartered Accountants’ national Uniform Evaluation (UFE). Students must pass the UFE (and complete a period of service requirement) to receive the professional accounting designation of Chartered Accountant. The results of the 2002 UFE suggested the new CASB program might be a successful approach to accounting education, as the 77.5% pass rate of the 364 first-time writers who completed the CASB program in 2002 exceeded the 70.1% pass rate of 1,351 peers in other parts of Canada (Institute of Chartered Accountants of Nova Scotia, 2003). Unfortunately, this outcome is not conclusive evidence because curriculum structure changed concurrently with two other changes (i.e., distance education was introduced as the delivery method and the method of assessment focused more on student competency and knowledge integration). It is possible that the favorable pass rate is attributable to the new delivery method, assessment method, or other uncontrolled factors. This possibility is further suggested by results on the 2003 UFE, where the 70.0% pass rate of first-time CASB writers barely exceeded the 69.6% national pass rate.


� We choose this topic with the expectation that our participants would perceive it as relevant and understandable, but they would not have previously received direct instruction on it.


� As a measure of knowledge use, recall offers both advantages and disadvantages relative to other measures, such as case analysis performance. The primary advantage for this study is that recall represents an initial stage of knowledge use, making it a decisive test of the predicted effects because if these effects are not observed in recall, they are unlikely to exist in other situations requiring more complex knowledge use.  The primary disadvantage, which is discussed in greater detail in the final section of this paper, is that recall is a limited measure of learning and it does not represent the depth of cognitive function that most educators aspire to develop in students. 


� When introducing these classes to participants, we explained that while some business failure factors could affect both start-up and mature companies, our study was focusing on the factors that affected only start-up or mature companies.  To clarify the distinction between start-up and mature companies for participants, we defined the start-up stage as “the first stage of business development, just as infancy is the first stage of human development.”  The mature stage was defined as “the last stage of business development, just as adulthood is the last stage of human development.”  


� When introducing these classes to participants, we explained that while some business failure factors might have both financial and strategic characteristics, our study was focusing on factors that primarily had either financial or strategic characteristics. We defined financial functions as “those aspects of a business that relate to measuring, typically in dollars and cents, how well a business is being run and what financial resources are available to continue running the business.”  Strategic functions were defined as “those aspects of a business that relate to strategic decisions that are being made during the course of operating the business.”


� A control group was not included in the experimental design because the theoretical basis for this study involves comparing curriculum structures that organize topics within versus across functional areas. A control group would require that participants learn from materials that lack any organizing structure, essentially representing just a random collection of topics. Such a control group would not allow better tests of our hypotheses. Further, such a curriculum is unlikely to exist in practice. 


� All p-values reported in this paper are two-tailed.


� Consistent with the reported pairwise comparisons, a repeated-measures analysis of variance indicated that the interaction between curriculum structure and type of cophenetic correlation was significant (F=111.62, p<0.001).


� Reviewers of this paper correctly noted that mean problem performance was approximately 50% in conditions where curriculum structure matched the problem structure, and was even lower in conditions where curriculum and problem structure did not match. Although this might be considered rather dismal performance, we remind readers that compensation for participating in our study was not linked to actual performance. Had compensation been tied to level of performance (as it is in a course when grades are assigned), we suspect we would have observed a higher baseline level of performance. As in all experiments, however, the baseline level of performance is not as important as our ability to detect between-condition differences.


� We also examined the number and type of errors intruding into participants’ analyses of the blended function-and-lifecycle problem. Specifically, we noted that participants in the function condition had a greater number of function intrusions (1.8 vs. 0.6) (F=8.07, p=0.007) whereas participants in the lifecycle condition had a greater number of lifecycle intrusions (0.87 vs. 0.31) (F=3.92, p=0.053). Again, these results are consistent with the theory that different knowledge structures influence performance on different problem structures.  
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