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Abstract

Although learning to think critically to solve new problems rather than simply memorizing solutions to existing problems is a widely acclaimed goal for students in higher education, teaching for critical thinking has not traditionally been attempted in accounting principles courses. This study examines the long-term performance of students enrolled in an accounting course designed to stimulate critical thinking to investigate how they perform in later settings with new problems. 
Students with critical thinking sophomore accounting experiences performed better than those with traditional sophomore accounting courses in junior level courses featuring new course topics. These results were found in a theory and a problem-based junior level course indicating stronger general abilities rather than better memory for accounting concepts or  procedures. Moreover, an interaction between GPA and principles of accounting showing that the critical thinking courses yielded stronger effects for lower achieving students. Reasons for the higher scores and interaction are discussed.
 Introduction

Students need to prepare for rapidly changing environments where highly specific knowledge may become obsolete.  Clearly, the goals of education include the transfer of general academic ability to new topics or problems (Barnett & Ceci, 2002).  Employers, educators and policy makers want schools to develop generalized abilities that will serve evolving adult pursuits.  Critical thinking, if it can be taught and if it is indeed a generalized ability, may be one way to prepare students for uncertain and evolving domains.  This study examines the effect of sophomore accounting materials designed to prompt the thinking abilities schools and society seek.

In a recent study, students using critical thinking materials in sophomore accounting courses outperformed their peers on matched content months later in a junior level course (Springer & Borthick, 2003).  While this prior work showed that students completing the critical thinking courses had stronger content knowledge, it provided no evidence of general thinking improvements.  This study both replicates the earlier work and investigates whether the students demonstrate stronger abilities in new content areas.

The critical thinking materials, a business simulation including a series of mini-cases (“episodes”) for an evolving business, required sophomores to solve business dilemmas for clients and defend their recommendations with evidence and arguments.  The materials simulated authentic tasks of an accounting professional by including ambiguity and assumptions inherent in typical business decisions and by setting up scenarios permitting multiple valid approaches.

Both this study and the prior one examine a sample of juniors at the same major southeastern university (average freshmen SAT of 991) where the critical thinking materials were first implemented in all sophomore accounting courses.  Juniors with critical thinking experience were then compared to students completing sophomore courses elsewhere (transfer students) or prior to the implementation of the critical thinking materials.  The earlier work found transfer students performed as well or better on junior level exams in six different semesters, making the transfer students a plausible control group (Springer & Borthick, 2003).

Hypothesis Development

Critical thinking ability is required in complex situations where experts may disagree, where context alters the evaluation and interpretation and where perspectives alter the choices made.  There is little evidence to suggest that specific course materials prompt critical thinking.  Students tend to progress in their thinking during their college years but no particular course or college activity, even a course in critical thinking, correlates with the ability (Pascarella, 1999).  Prominent theories of critical thinking describe similar sequences of development (Kitchener & King, 1981; Perry, 1970) but do not address whether a specific course or learning activity in college can prompt development (Newsome, 2000).

One theory about why specific coaching in critical thinking does not shift learners’ abilities is that critical thinking has a prerequisite mindset--a certain disposition or belief about knowledge.  Kuhn (1999) asserted that critical thinking could not be taught directly because the development depends on the willingness to admit to the inherent uncertainty of knowledge.  In agreement, Walkner & Finney (1999) argued that the development of critical thinking does not respond to direct instruction because it requires more than an understanding of argument and evidence; it requires a qualitative shift in the way a student sees the world.  The link between epistemology (beliefs about knowledge) and critical thinking lies in the student’s likelihood or disposition to evaluate data and persist in complex situations in order to gain knowledge (Phillips, 2001).


While evidence of specific instruction improving thinking is sparse, educational publications are brimming with ideas about how to prompt student thinking in class settings.  Many of these authors recommend features in the business simulations as important to achieving thinking goals.  One theme found in the business simulations that is echoed in the critical thinking literature is to introduce students to the uncertainly of knowledge.  Students need to discover that knowing is not an invariant property of an individual; it includes context and perspective unique to situations (Dewey, 1933; Greeno, Moore, & Smith, 1993).  Course materials designed to prompt thinking development must incorporate ambiguities (Borg & Borg, 2001) and acknowledgement of the relevance of context and perspective (Ikuenobe, 2001; McGoldrick, 1999; Redding, 2001).  According to these authors, materials with ambiguities and multiple perspectives, like the critical thinking materials used in the sophomore accounting courses, have an essential ingredient needed for students to progress in their thinking.
Walkner and Finney (1999) state that critical thinking development requires multiple variations where critical aspects are discerned and interpretation of the unique situation leads to effective action. More specifically, McDade (1995) argues that student cases may be particularly appropriate vehicles for presenting these varying elements within a sufficiently complex context for students to actively build ideas based on facts and circumstances.  Kreber (2001) agrees that cases are particularly potent vehicles for thinking because they force students to select critical features from a tangle of less important ones.  Taking a slightly different slant, Kreber (2001) contends that the variety of experiences is not as important as the reflection on those experiences.  Finding topics on which there are opposing valid expert arguments is another way a way to promote critical thinking (McGoldrick, 1999).  The business simulations used in the sophomore courses reflect these suggestions with a continuing stream of episodes allowing across-case insights, sufficient complexity for thinking to emerge and reflection on activities in the form of advice-giving.

Mandsley and Strivens (2000) assert that knowledge and thinking are intertwined in a complementary way.  In order to think about a concept, the student must first understand it.  These authors would likely predict that deeper content knowledge found in the prior study (Springer & Borthick, 2003) is a natural by-product of thinking critically about the subject matter.  Guest (2000) also cites this dual benefit asserting that “knowledge telling” in traditional classes does not measure up to defending one’s ideas in a critical thinking class.  Celuch and Slama (1999) suggest that changing the unwritten class goal from “what do you need to know” to thinking about evidence and reasons forces students to learn the content more deeply and engage actively with the material.  These authors suggest that defending one’s view to a client would both strengthen the thinking and the content area under scrutiny.

Finally, what is learned may differ from what is taught because students quickly adjust learning strategies and goals to match the hidden curriculum in the assessments (Butterfield, 1993; Crooks, 1988). Until instructors assess for thinking and reduce the preponderance of recall and recitation test items, students will not improve their thinking (Crooks, 1988; Redding, 2001).  The sophomore accounting course included mini-cases on exams to take advantage of the close tie between focus of student effort and exam demands.

Given the suggestions in the educational literature, the critical thinking courses combine the essential ingredients into a curriculum that should produce results.  Therefore, students experiencing these materials in their sophomore accounting classes are predicted to develop general thinking abilities that would advantage them in future academic work.

Hypothesis

The mean exam scores in for students completing critical thinking sophomore courses will be higher than the exam scores for students without critical thinking experience in two subsequent junior level courses.

Method

The research was conducted as a quasi-experimental nonequivalent control group design without pretest (Campbell and Stanley 1963) to assess the effect of critical thinking courses in a time-delayed setting. Adjusted for prior academic achievement and background variables, performance was analyzed in a standard regression with exam score in the junior level course predicted by number of critical thinking courses experienced by the participant.  The implementation did not include a “no treatment” group from the same cohort population (same school, same semester) preventing a controlled comparison (Willis, 2001).  This limitation was minimized by including background and achievement variables into the model as covariates.
Sophomore Critical Thinking Courses.  Beginning in Fall 2000, a major southeastern urban research university implemented critical thinking courses in all their sections of Principles of Accounting I and II (1600 enrollment per semester).  Instructors (average of 15 per semester) included full time faculty, part time instructors and PhD students.  Student groups, formed at the instructor’s discretion, completed a series of cases (“business simulations”
) for 20% of the course grade.  Although instructor styles and experience varied, the coordinator provided uniform slides and activities .  Exams were authored by the coordinator to ensure that the “hidden curriculum”—the assessments—included questions about the meaning of facts, concepts and procedures in a variety of contexts (Crooks, 1988).

Participants.  The participants were intact classes of two different junior level accounting courses (contemporary accounting theory and intermediate cost accounting) in Fall 2002 at the school where the critical-thinking courses were implemented (n=210).  Contemporary Accounting Information (n=140) required students to read accounting theory articles (no procedures or computations involved) and take two midterms and a final exam.  Students in Intermediate Cost Accounting (n=69) read textbook chapters, worked homework problems (procedures and computations), completed cases in groups, and completed two midterms and a final exam (see Table 1 for a summary of the content overlap with the critical thinking materials).

The researcher was the instructor for Intermediate Cost Accounting and another full time faculty with no knowledge of the critical thinking materials taught the Contemporary Accounting Information.  Data was collected and analyzed after all course activity was complete and grades were final.

Table 1

Overlap of content between Sophomore Critical Thinking Materials and Junior Level Courses

	Topics in Critical Thinking Materials
	Intermediate Cost Accounting
	Contemporary Accounting Information

	Cost-volume-profit

Short-term decisions

Budgeting

Accrual basis income

Financial statements

Present value

Return on investment

Use of debt

Managing long term assets
	Yes

Yes

Yes
No

No

No

No

No

No
	No

No

No

Yes

No

No

Yes

No

No


Students’ experience in Principles of Accounting I and II (prerequisites for both junior level courses) were coded as “no critical thinking courses” (CT=0), “one critical thinking course” (CT=1)
 or “both critical thinking courses” (CT=2).  The exam scores, prior academic achievement (overall GPA and accounting GPA from Principles I and II) and background variables for the participants were comparable except that Intermediate Cost Accounting was a daytime class yielding a mix with younger, full-time students and higher cumulative GPAs (see Table 2).  

Table 2

Participants Attributes by Junior Level Course Enrolled:  Mean (Std. Dev.)

	

	
	Course Enrolled Fall 2002
	

	Attribute
	Intermediate Cost

Accounting
	
	Contemporary Accounting Information
	All participants

	Number of participants 
	69
	
	140
	209

	Overall GPA
	3.20 (.50)
	
	3.05 (.54)
	3.10 (.53)

	Accounting (Principles I and II) GPA
	3.21 (.68)
	
	3.21 (.63)
	3.21 (.65)

	Credit hours per term
	13.3 (3.0)
	
	10.8 (4.3)
	11.6 (4.1)

	Student age
	25 (4.8)
	
	27 (6.2)
	26 (5.8)

	Months since Principles I course
	41.5 (33.1)
	
	41.7 (35.2)
	41.6 (34.3)

	Exam 1
	70.9 (16.0)
	
	74.9 (14.2)
	73.8 (14.8)

	Exam 2
	75.2 (16.5)
	
	68.7 (14.8)
	70.5 (15.5)

	Final Exam
	70.8 (14.2)
	
	71.6 (12.3)
	71.4 (12.8)


Control group.  All sophomore accounting students at the implementation school received the critical thinking experiences leaving no cohort group to serve as a controlled comparison group.  The only source of students without exposure to the critical thinking materials was transfer students from other schools and students who took principles prior to the new courses.  About 50% of the students enrolling in junior accounting courses at this school are transfers from local community colleges as well as nationally competitive schools.  Transfer students’ exam scores at the junior level prior to implementation of the critical thinking implementation show that they perform on par or better than native students [Springer, 2002 #102].  None of the schools sending transfer students had critical thinking materials in their sophomore accounting courses [Springer, 2002 #102].

Measures of performance.  All three exams in Contemporary Accounting Information were multiple-choice format and examined the students’ ability to apply the technical terms and concepts to novel scenarios.  Intermediate Cost Accounting exams were 50% computations and procedures and 50% essays on how to respond to business situations based on evidence given.

Results

Data screening.  Although accounting GPA and overall GPA were significantly correlated (Pearson’s r=.53), the moderate level of this relationship indicated that multicolinearity would not be a threat to the regression model.  Assumptions about homogeneity of variance on all variables and normality of the residuals for each regression were met.  Missing data caused the case to drop from the particular analysis.  Missing data was most prevalent on post-baccalaureate students who are not required to apply formally or provide any academic or testing history for registration (n=29 in Contemporary Accounting Information and n=2 in Intermediate Cost Accounting).  No other systematic pattern for missing data was found.


Nonequivalence of Control Group.  The control group (no critical thinking courses) differs from the treatment group (those with critical thinking courses) in several non-trivial ways.  First, the students with critical thinking are younger, full-time student with higher GPAs and recent experience in Principles of Accounting (see Table 3).  The model therefore controlled for age, lag time from Principles of Accounting I (first course in the two course sophomore sequence) to the junior course, number of credit hours enrolled, accounting GPA and overall GPA.

Table 3

Participant Attributes by Critical Thinking Experience:  Mean (Std. Dev.)

	

	
	Number of critical thinking courses 
	

	Attribute
	0
	11
	2
	Total

	Number of participants 
	125
	21
	63
	209

	Overall GPA
	3.08 (.56)
	2.97 (.46)
	3.17 (.47)
	3.21 (.65)

	Accounting (Principles I and II) GPA 
	3.23 (.68) 
	2.86 (.59)
	3.30 (.57)
	3.21 (.65)

	Credit hours per term
	10.4 (4.2) 
	14.5 (2.1)
	13.0 (3.3)
	11.6 (4.1)

	Student age
	28 (5.8)
	27 (7.8)
	25 (4.7)
	26 (5.8)

	Months since Principles I course
	52.0 (44.0) 
	39.6 (12.7)
	27.0 (4.7)
	41.6 (34.3)

	Exam 1
	73.7 (15.8)
	69.2 (16.4)
	75.2 (12.2)
	73.8 (14.8)

	Exam 2
	68.6 (16.4)
	67.5 (15.4)
	74.8 (13.0)
	70.5 (15.5)

	Final Exam
	70.7 (13.9)
	68.8 (11.3)
	73.4 (10.7)
	71.4 (12.8)

	1 Students enrolling during the transition from traditional to critical thinking and students transferring between the two-course sequence took only Principles II as critical thinking.  These were codes as “CT courses = 1”.



Regression Analysis.  Exams scores were analyzed in a standard multiple regression model with overall GPA and accounting GPA representing academic achievement, critical thinking courses = 0, 1 or 2 and age, number of credit hours enrolled and number of months lag from Principles I as covariates to control for nonequivalence between control and treatment groups.  The results of this regression (see panel A, B, C and D of Table 4) show that number of critical thinking courses was a significant predictor of exam scores for all three exams in both courses after controlling for prior academic achievement (overall grade point average and accounting grade point average), age, number of credit hours enrolled and lag since Principles I.

Table 4

Regression Analysis on Exam Scores.

	

	Panel A: Exam 1 as dependent variable (n=159)

	Independent variables & covariates
	Coeff.
	Std. Coeff.
	Beta
	t value
	p value

	Accounting (Principles  I and II) GPA 
	9.71
	1.85
	.420
	5.26
	.000

	Overall GPA
	5.84
	2.41
	.199
	2.42
	.017

	Critical thinking courses (0, 1 or 2)
	3.87
	1.12
	.252
	3.47
	.001

	Months since Principles I course
	.08
	.03
	.213
	2.65
	.009

	Credit hours per term
	-.30
	.28
	-.080
	-1.10
	.274

	Student age
	.08
	.19
	.034
	.44
	.681

	Note:  R2 = .325 (n=159, p<.001) 
	
	
	
	
	

	Panel B: Exam 2 as dependent variable (n=149)

	Independent variables & covariates
	Coeff.
	Std. Coeff.
	Beta
	t value
	p value

	Accounting (Principles  I and II) GPA
	7.52
	2.06
	.305
	3.65
	.000

	Overall GPA
	8.81
	2.68
	.282
	3.28
	.001

	Critical thinking courses (0, 1 or 2)
	5.13
	1.21
	.317
	4.22
	.000

	Months since Principles I course
	.003
	.04
	.079
	.951
	.343

	Credit hours per term
	-.17
	.30
	-.042
	-.564
	.574

	Student age
	-.01
	.20
	-.001
	-.006
	.995

	Note:  R2 = .340 (n=149, p<.001) 
	
	
	
	
	

	Panel C: Final Exam as dependent variable (n=148)

	Independent variables & covariates
	Coeff.
	Std. Coeff.
	Beta
	t value
	p value

	Accounting (Principles  I and II) GPA
	8.32
	1.66
	.405
	5.01
	.000

	Overall GPA
	6.32
	2.16
	.242
	2.92
	.004

	Critical thinking courses (0, 1 or 2)
	3.38
	.985
	.250
	3.44
	.001

	Months since Principles I course
	.000
	.028
	.023
	.286
	.775

	Credit hours per term
	-.348
	.238
	-.105
	-1.47
	.145

	Student age
	.007
	.164
	.035
	.346
	.649

	Note:  R2 = .389 (n=148, p<.001) 
	
	
	
	
	

	
	
	
	
	
	

	Panel D:  Average Effect Size  (points on a 100-point scale)

	
	95% CI lower bound
	95% CI upper bound
	

	Exam 1
	1.669
	6.074
	

	Exam 2
	2.723
	7.531
	

	Exam 3
	1.436
	5.329
	


As a post hoc test to see if the effect was uniform across higher and lower achieving students, the interaction between grades and critical thinking course experience was added to the model.  The interaction term was negative on all exams showing the exam differences were greater for the lower achieving students.  The interaction term was marginally significant on Exam 1 (t = -1.91, p = .058) and the final exam (t = -1.63, p = .106) but not on Exam 2 (t = -.799, p = .426).  Figure 1 illustrates the interaction for Exam 1 showing that the effect of critical thinking materials at the sophomore level is greatest for the lower GPAs. 

Figure 1

Exam 1 scores predicted by number of critical thinking courses (CT = 2, 1 or 0) and Overall GPA

[image: image1.wmf]Predicted exam 1 score as a function of 

the number of critical thinking courses (CT)

55

60

65

70

75

80

85

2.50

3.00

3.50

Overall Cumulative Grade Point Average

Predicted Exam 1 Score

CT = 2

CT = 1

No CT 



As an additional post hoc investigation, the regression was run on each course separately with no change to the results.  The R squared, however, was almost double in the Intermediate Cost Accounting model ( .666) compared to the Contemporary Accounting Information model ( .361)

Discussion

Students completing critical thinking courses outperformed students enrolled in traditional courses on all exams in both subsequent courses.  The average exam advantage falls between 1.436 points (out of 100) to an average of 7.531 points (out of 100) after removing exam variance due to prior academic achievement and background variables (see Table 4 Panel D).  This average effect size is small to moderate and was significant for all three exams in both courses.  The effect size, however, was not even across all participants.  The lower achieving (GPA) participants experienced a larger than average effect size (see interaction in Figure 1) which was as much as a full letter grade.

Given the scale of this implementation, the number and variety of instructors involved, the diversity of the student body and the delay of the measure of learning advantage, the elements driving these results are powerful.  Whatever the general ability garnered in the treatment, the advantage it conferred persisted over at least a full semester and was not sensitive to the imperfections of large-scale implementations (Springer & Borthick, 2004).

Students outperformed on different tasks (theory versus computational) and in different content areas (see Table 1) and the advantage was measurable months after completing the treatment courses.  This hints that the critical thinking work either developed or selected for qualities that improved general academic performance in a stable way.  This study replicates the learning advantages found by Springer & Borthick (2003) with new participants and on different content.  These results also show learning gains on a wide variety of students extending the results of a similar curriculum with honors students only (Stone & Shelley, 1997).

Interaction of grade point average and critical thinking cases.  Critical thinking course experience diminished the importance of prior academic achievement (i.e., grades) in predicting exam performance (see Figure 1).  This points towards the cases as a developer of ability rather than as merely a filter that allows only the most qualified students to advance.  

This interaction suggests that the critical thinking demands benefit the lower achieving students disproportionately, helping them to achieve at levels typical of students with higher grades.  An alternative explanation is that critical thinking coursework developed all students but higher achievers reach a ceiling in the grade distribution so their growth was not apparent in the exam data.

Intermediate Cost Accounting versus Contemporary Accounting Information.  These two courses placed different demands on students both in content and in style.  Contemporary Accounting Information required extensive theoretical readings (482 pages from articles and book chapters) and all multiple-choice exams.  Intermediate Cost Accounting required computations, procedures, casework and chapter readings, a similar structure to the critical thinking courses, and computation and essay exam questions.

Even though the size of the main effects were similar in both junior courses, the R squared for the regression for Intermediate Cost Accounting was much higher (.666 versus .361).  This means that the grades, cases and background covariates explained much more of the exam variance in Intermediate Cost Accounting than in Contemporary Accounting Information.  Students may have enjoyed a cumulative effect of both procedural and thinking transfer in intermediate cost accounting helping to create a fuller explanation of performance.  Or, the similarity of the Intermediate Cost Accounting assessments to the sophomore course demands reduced random error in the model.

Potential sources of the learning advantage.  This study used course exams to measure performance.  Without a direct measure on critical thinking ability, this study cannot discern if the materials designed to elicit this particular ability met this goal.  Nonetheless, the learning advantage on downstream courses has been mapped to a course with direct content overlap (Springer & Borthick, 2003), to two courses with minor content overlap (See Table 1) and to a more diverse student population than previously tried (Stone & Shelley, 1997).  What is contributing to these desirable general academic outcomes?

Starting with the least likely, students with critical thinking experience worked on the business simulations in groups, typically lasting most of the semester, giving these students access to a community of learners.  This community could have persisted over the semester break(s) and created support and discussions that improved exam performance (Bruffee, 1999).  Arguing against this possibility is the fact that both of these junior level courses created groups in the first week of classes (for in-class discovery learning exercises in Contemporary Accounting Information and for casework in Intermediate Cost Accounting) and so groups were available to all students.  In addition, the school where the participants attend is a regional commuter school with few facilities supporting group meetings or opportunities to be at common facilities together.

Another explanation for the advantage is that assuming the role of business advisors in a variety of authentic settings might be highly motivating to students.  Such intrinsic motivation typically results in higher exam performance and general academic achievement (Sankaran & Tung, 2001).  Students with intrinsic motivation levels as a persistent trait, and not just a temporary response to an interesting project, would already have this trait controlled for in their academic achievement scores.  Additionally, one might expect different motivation levels in the reading-only course contrasted with a course containing more cases activities and these differences were not found.

Ackerman (2003) suggests character traits as an important variable in student performance.  He conducted a series of studies showing that trait sets have knowledge and ability advantages in four different domains.   Building on Richard Snow’s theory of aptitude-and trait complexes (Snow, 1989), Ackerman (2003), correlated typically co-occurring sets of personality and interests (trait complexes) with performance and found that the enterprising/social traits score consistently higher in four content areas than the “conventional/clerical traits”.  Ackerman’s trait theory suggests that the advice-giving business simulations might have attracted a more enterprising/social student while the traditional courses (bookkeeping and financial statement preparation) may have attracted a more conventional/clerical students.  This study did not capture any trait data but stereotypes of accountants do fit the conventional/clerical profile.  If the business simulation appealed to a different trait set, monitoring the trait sets of the control versus treatment group may be important in future work.

The performance effect may also be due to the active learning nature of the critical thinking work.  Using authentic cases yields greater insight into practical problems, helps students understand the value of applying theory, fosters retention of ideas and increases personal ownership of concepts.   Instead of memorizing solutions to existing problems (Bruer, 1993; Peterson & Walberg, 1979) students construct their own representations of the situations.  “[W]hen you have invented an idea for yourself, it is much more a part of you than when you memorize a description of it from someone else” (Dykstra, 1996).  While active responses from students may have spawned better understanding of the topics in the business simulation, it is unclear how students’ mastery formed general abilities that improved performance in new content areas.  Transfer experiments rarely find students able to use prior learning to solve new problems unless the new problems are highly similar or students are prompted (Determan & Sternberg, 1993).
Another potential source of the exam score differences is that the critical thinking courses required different mental activities and learning strategies than a traditional sophomore course, which might have led to better study and thinking skills.  For instance, the intervention courses included from 5 to 12 writing assignments each semester.  The self-regulatory demands of writing such as planning and evaluating, may influence cognitive processes (Graham & Harris, 2000).  By putting them in the role of expert having to consider context and varying perspective, the students may have attended to how information is related (Gentner & Rattermann, 1993) leading them to integrate information rather than merely attending to surface details.  In a curriculum change similar to the critical thinking courses, Shelley and Stone found students completing the “educating for expertise” curriculum had better problem-structuring skills (Stone & Shelley, 1997).  Actively engagement in the critical thinking courses may have similarly strengthened their mental model-building skills.  Students may also have come to recognize the need for thinking to solve a complex problem (Celuch & Slama, 1999), one that cannot be solved by formal logic alone (Dewey, 1938) and this revelation may have improved their subsequent studies.  Students crafting business advice would wrestle with various explanations and arguments, and this process could have acted as a form of comprehension monitoring (Gott, Hale, Pokorny, Dibble, & Glaser, 1993).  After practicing comprehension monitoring during their sophomore work, they could have continued this practice in future courses.  Finally, the use of a deeper learning strategy (aimed at finding the meaning and connection of the idea and procedures) is a better predictor of performance than academic ability (Crooks, 1988).  Students could not succeed in the sophomore course without explaining the meaning of the concepts to the client and connecting the ideas with each other to form a complete overall conclusion.  And, given the larger gains from lower achieving students with presumably weaker studying and thinking skills, the results hint that these improvements may have been among the lasting results of the critical thinking courses.

The exam score advantage could also be the result of the relative weaknesses of the traditional methods compared to the critical thinking courses.  Spiro et. al (Spiro, Feltovich, Jacobson, & Coulson, 1991, 1994) argue that initial over-simplification impedes later advanced learning because students have not developed the cognitive flexibility to advance.  Traditional courses where surface learning of isolated facts and procedures leads to successful completion will not precipitate deep learning strategies (Crooks, 1988).  

Given that the sophomore course combined as many good practices as possible, the learners may have a web of advantages due to strategy changes, selected traits, thinking improvements, deeper content knowledge and changes to their epistemology.  Future research that isolated these variables would add to the understanding of the source of the advantage.

Importance of findings and future study.  Finding learning differences of half to a full letter grade three to eighteen months after an intervention is rare in transfer studies (Barnett & Ceci, 2002).  While the implementation team reported that some instructors were less than diligent in grading of the simulations (e.g., giving everyone 100% of the points for episodes) (Springer & Borthick, 2003), the effect was nonetheless stable across a wide variety of instructor and student ability.  Finding such long-term effects across such a variety of possible combinations of students and faculty ability in live classes and in multiple downstream college courses constitutes one type of general transfer called for in the literature (see Exhibit 1) (Barnett & Ceci, 2002).

It is unlikely that such a successful implementation would relax some or all of the course features to permit detail study of the component parts.  The absence of  random assignment of learners between control and treatment groups is typical of interventions with demonstrated effects (Willis, 2001).  Nonetheless, replicating this study with variables to measure critical thinking, motivation, personality traits and learning strategy would increase the generalizability of the results.  Including pretests prior to the critical thinking courses might permit discerning whether the results are due to learning gains during the critical thinking courses or self-selection for traits associated with better downstream performance.

Exhibit 1

Taxonomy for far transfer applied to critical thinking courses (Barnett & Ceci, 2002)
	Context:  When and where transferred from and to
	

	
	Near ---------(
	--------------(
	-------------(
	-------( Far

	Knowledge domain

	
	From sophomore principles of accounting to two downstream accounting courses
	
	

	Physical context
	Both classes on college campus
	
	
	

	Temporal context
	
	
	
	Average delay of 3 months to 18 months

	Functional context
	Both naturalistic class setting
	
	
	

	Social context
	Both courses on college campus
	
	
	

	Modality
	
	From cases and exams to exams only
	
	


Weaknesses of the study.  While this study demonstrated the superiority of the critical thinking courses, it did not reveal the source of the advantage.  While the interaction of grades and cases (Figure 1) hint that the courses improve student abilities rather than just allowing the most capable students to progress, no pretest established changes in student thinking ability, strategy use, motivation or other habits.

Another weakness is the non-equivalence of the control group.  Students enrolling in Contemporary Accounting Information and Intermediate Cost Accounting who did not have critical thinking courses (transfers and those taking the courses prior to the treatment materials implementation) are not comparable to students with critical thinking experience in a number of ways (see Table 2).  Although variables were entered into the model to compensate for the differences noticed, the groups may be different in other ways that impact exam performance.

Although this study used courses with little accounting content overlap, both courses contained some content similarity (see Table 1).  Tracking students with critical thinking experiences in accounting into a non-accounting course would permit a stronger conclusion about any general abilities acquired.

Conclusion.  Students completing sophomore accounting courses as critical thinking outperform students with traditional sophomore accounting courses even on subject matter different from the critical thinking courses.  The advantage, measured from three months to 18 months after the critical thinking course was completed, persistent for a full semester on all exams in two different downstream courses.  The effect size ranged from a few points out of a hundred to a full letter grade and is worthy of follow-up to detect the source and nature of the causes.  Experiments showing the impact of the potential individual traits and strategies would contribute greatly to understanding the mechanisms and theories underlying by these results.

Finally, an interaction between prior academic achievement and exam scores showed that the poorer performers gained the most from the intervention.  More challenging curriculum is typically reserved for more capable students as was the case when this type of curriculum was first tried in accounting (Stone & Shelley, 1997).  The assumption that lower achievers might not be ready for the challenging work was not true for sophomores admitted to a university with a very diverse student body of average ability.  Students at the lower range of the grade distribution responded strongly to the critical thinking materials making this a particularly promising type of curriculum for a range of students to develop average students towards the highest goals of college—general ability to achieve across tasks and topics.
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� To see business simulations, see � HYPERLINK "http://www.gsu.edu/~www301" ��www.gsu.edu/~www301�.


� Students whose studies were interrupted had a traditional course for Principles of Accounting I and the intervention for Principles of Accounting II.  Some students transferred in the middle of the two-course Principles of Accounting sequence.  Both of these student groups (n=21) were coded as courses = 1.


� Although only available for 81 participants, the regression was run with SAT verbal scores.  SAT verbal was significant (p < 001) absorbing part of the variation in scores but the other covariates remained significant or insignificant in the same pattern as the experimental results.
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