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Abstract

Undergraduate Psychology students’ (N = 438) beliefs about the scientific nature of the discipline were assessed as a function of their Year in College (Freshmen, Sophomore, Junior, and Senior) and Major Status (Potential or Actual Psychology Major, Potential or Actual Psychology Minor, and Neither Potential nor Actual Psychology Major or Minor). Students completed the Psychology as a Science (PAS) questionnaire on which they evaluated 15 Likert-scaled statements about scientific psychology. There was a main effect of Year in School and Major Status, with Potential or Actual Majors having higher PAS scores (indexing a stronger belief that psychology is a science) than the other two groups and seniors having higher PAS scores than Freshmen. The results are discussed in terms of the process of conceptual change by which students overcome their misconceptions about psychology as a science. 

Misconceptions and Conceptual Change in Undergraduate Students’ Learning Psychology

Research in science learning has documented that students enter science classrooms with misconceptions about core ideas of the disciplines (Driver, 1983; Duit, 2003; Posner, Strike, Hewson, and Gertzog, 1982; Strike & Posner, 1993). That is, rather than being merely uninformed about the critical ideas of a given scientific discipline, students have alternative ideas which do not correspond to the findings of the discipline. Misconceptions in science have been well documented among elementary school to college students (Carey, 1985, 2000; Driver, 1983; McCloskey, 1983) and have been demonstrated in such disciplines as biology (Brody & Koch, 1989; Clough & Wood-Robinson, 1985; Griffiths & Grant, 1985; Leach, Driver, Scott, & Wood-Robinson, 1996; Munson, 1994), chemistry (Barker & Millar, 1999; Hand, 1989; Nakhleh, 1992; Peterson & Treagust, 1989 Ross & Munby, 1991)  and physics (Clement, 1982, 1984; Halloun & Hestenes, 1985a, 1985b; Viennot, 1979). 

One of the more challenging part of students’ misconceptions about scientific disciplines is that they are resistant to instruction. For example, despite instruction to the contrary, students retain a belief that heavier objects fall faster than those which are lighter (Gunstone & White, 1981; Selman, Krupa, Stone, & Jacquette, 1982). Overcoming misconceptions in a particular discipline has proven to be difficult because they are connected to a network of related ontological assumptions, explanatory concepts, and causal mechanisms, which form an alternative commonsense or intuitive theory (Nesessarian, 1989; Smith Carey Wiser, 1985). For example, gravity-related misconceptions are rooted in an intuitive theory of motion, based on a notion of force as a property of substances (Reiner, Slotta, Chi, & Resnick, 2000; Slotta & Resnick, in press) which fuels object motion and dissipates over the course of such motion (McClosky, 1983; Tao & Gunstone, 1999; Vosniadou, 1994) or with a violation of object integrity (Amsel, Savoie, Deak, & Clark, 1991). The intuitive theory of motion and the concept of force it presumes provide a framework which gives rise to and justifies students’ misconceptions about how gravity affects objects and makes the misconception resistant to any quick or easy process of revision. 


From this perspective, misconceptions are resistant to instruction because overcoming them involves adjusting, restructuring, or reworking an entire network of related ontological assumptions, explanatory concepts, and causal mechanisms. The process of revising misconceptions through a transformation of a conceptual network has been called conceptual change. Although there have been a number of theoretical accounts of the process of conceptual change (Chi, in press; Limon & Masson, 2002), each assumes that science learning is challenging because it involves reflecting on and transforming a network of interconnected assumptions, concepts, and beliefs. 

One purpose of the present study is to extend this account of student learning outside the physical sciences. In particular, we explore whether undergraduate students learn psychology by overcoming misconceptions through a process of conceptual change. Previous research has identified misconceptions about psychology, defined as psychological claims that students believe about the discipline despite having been proven false by psychological research (Gardner & Dalsing, 1986; Kowalski & Taylor, 2006; McCutcheon, 1991; McCutcheon, Hanson, Apperson, & Wynn, 1992; Taylor & Kowalski, 2004; Thompson & Zamboanga, 2004). For example, students readily believe that good hypnotists can force you to do anything they want you to do, and that genius is akin to insanity despite evidence disconfirming such claims (c.f., Gardner & Dalsing, 1986). Furthermore, research suggests that students’ misconceptions decrease as they take more psychology courses (Gardner & Dalsing, 1986; Kowalski & Taylor, 2006; McCutcheon et al., 1992). 


However, these studies provide only weak evidence for the claim that students overcome misconceptions about psychology through a process of conceptual change. A central weakness in the research is a validity problem associated with the questionnaires used to measure students’ misconceptions (Amsel, Johnston, Alvarado, Kettering, Rankin, & Ward, in press; Amsel, Frost, & Johnston, submitted, Brown, 1984; Griggs & Ransdell, 1987; Gutman, 1979). The psychology misconception questionnaires appear to address only specific knowledge claims in psychology which happen to be incorrect but not related to an alternative account of the discipline as suggested by conceptual change theory. For example, Gardner and Dalsing (1986) measured whether students believe hypnotists can make someone do anything they want. Students who mistakenly affirm this claim may possess merely a superficial misunderstanding of hypnosis without the misunderstanding being related to alternative ontological assumptions, explanatory concepts or causal mechanisms associated with Folk Psychology. Put differently, the revision of this and similar specific knowledge claims need not alter students’ misunderstandings of the discipline of psychology. This item like most others on misconception questionnaires reflect low face validity because it does not measure students’ misconceptions of the core foundation of the discipline (Amsel et al., in press; Amsel et al., submitted; Brown, 1984; Friedrich, 1996).

Problems with the validity of the misconception questionnaires may also be raised by findings that report no relation between performance on misconceptions questionnaires and students’ academic achievement in their psychology classes when other variables are controlled (Thompson & Zamboanga, 2004). If as theoretically proposed, misconceptions index a constraint on learning which can only be overcome through a process of conceptual change, then one would expect that more errors on misconception questionnaires would be related to lower grades. 
Finally, validity concerns arise about the instrument given evidence of sizable decreases in misconceptions rate among students taking psychology classes with instructors explicitly teaching to the specific misconceptions (Kowalski & Taylor 2006; Miller, Wozniak, Rust, Miller, & Slezak, 1996). It could be argued that the change in misconception rate does not measure how well students are able to critically reflect on and transform the network of assumptions, concepts, and beliefs associated with an alternative intuitive theory of psychology. Rather the change in rate may measure how well students are able to answer questions for which their professor provided an answer.

The present study explores undergraduate students’ misconceptions and conceptual change in learning psychology by exploring their grasp of psychology as a science. Students often enter an Introductory Psychology class with a belief that the discipline is not scientific. Stanovich (2007) argues that psychology’s poor scientific image stems from the way psychology is depicted in the popular culture. Between the rows upon rows of ineffective self help books (Lilienfeld, Lynn, & Lohr, 2003) and media figures like Dr. Laura and Dr. Phil representing the discipline, it is hard to see how anyone can hold a view of psychology as anything but a frivolous pseudoscience. 

An unscientific image of the discipline is held by students not only because of the tremendous impact of media and popular culture, but also because of students’ commonsense or intuitive theory about the mind, labeled by philosophers and psychologists as Folk Psychology (D’Andrade, 1987; Dennett, 1971; Premack & Woodruff, 1978; Wimmer & Perner, 1983). Folk Psychology is based on an account of behavior by an appeal to individuals’ subjective beliefs and intentions. Folk Psychology, with its focus on subjective mental states, has a core set of ontological assumptions, explanatory concepts and causal mechanisms that are antithetical to viewing an inquiry into mind as a rigorous and objective science. The account of mind and behavior proposed by Folk Psychology is, in contrast to the scientific psychology taught in Introductory Psychology, decidedly rigorous and scientific (Amsel et al., in press; Amsel et al., under review; Amsel  & Kay, 2008). 

The unscientific image of the discipline in the media and students’ own unscientific Folk Psychology beliefs conspire to create and support misconceptions about the discipline as a science among the general population, including those taking Introductory Psychology. Faculty members teaching undergraduate psychology courses bear the challenge of helping psychology students overcome their conceptual confusion about the nature and foundation of the discipline. It is psychology faculty’s obligation to teach not only the discipline’s theories and findings, but its scientific foundation as well (Brewer, 1993; Friedrich, 1996; Shaffer, 1977). As Brewer (1993, p. 169) noted in discussing the goals of the undergraduate psychology curriculum, “The fundamental goal of education in psychology, from which all other others follow, is to teach students to think as scientists about behavior.” 

To test whether undergraduate students learning psychology overcome misconceptions about the discipline through a process of conceptual change, we assessed their appreciation of psychology as a science, using Friedrich’s (1996) Psychology as Science (PAS) Scale. The scale measures students’ attitudes towards psychology as a science and was shown to have a test-retest reliability of .76 (Friedrich, 1996). Also, the scale was shown to have measurement validity, predicting students’ exam performance, self-reported GPA in the discipline (Friedrich, 1996), and 6th week and final grade in an Introductory Psychology course (Amsel et al., in press). Friedrich reported that Research Methods students surveyed at end of the semester scored higher on the PAS (M = 5.55 on a 7-point Likert scale, reflecting a stronger belief in psychology as a science), than the same students at the beginning of the course (M = 5.30) and different students from an Introductory Psychology course who were tested at the end of the semester (M=5.11). 

Friedrich’s findings confirm the claim that students enter Introductory Psychology classes with a misconception of the scientific nature of the discipline which is slowly overcome as a function of students taking advanced classes in the discipline. However the Friedrich study does not systematically evaluate the nature of the change in students’ reasoning as a function of their factors related to their exposure to the discipline. In the present study we assessed psychology students’ beliefs about the scientific nature of the discipline, controlled for various student characteristics which may be confounded in Friedrich’s research. For example, the differences between Introductory and Research Methods students may be related to the latter group of students more likely being Majors in the discipline, and so more interested in and motivated to learn about the scientific foundations of the discipline than those who are Minors or neither Majors nor Minors. Moreover, even among students in Introductory Psychology, those who are likely to major may be more interested in and motivated to learn about psychology as a science. Similarly, students in advanced courses may be Juniors and Seniors whose college experiences may have resulted in them having acquired general knowledge about all disciplines, not just psychology. 


The present study assessed students’ beliefs about the scientific status of psychology as a function of their Year in School (Freshman, Sophomore, Junior, and Senior) and Major Status (Potential or Actual Major, Potential or Actual Minor, and Neither Potential nor Actual Major or Minor). If the psychology curriculum impacts students’ core beliefs about the scientific nature of the discipline, we would expect both Year in School and Major Status to predict PAS score. Specifically, we would expect higher PAS scores among upper- than lower-division students and among majors than non-majors.

Methods

Participants


The participants were sampled from psychology classes in a regional university in the American intermountain west. A total of 438 participants completed the PAS questionnaire during the 6th to 8th week of classes in the Spring 2008 semester. Students were sampled from regularly scheduled face-to-face classes (no online classes) across the psychology curriculum (see Table 1). Most of the participants were females (53.8%) and most were between 18 to 21 years old (59.4%), followed by those who were 22 to 27 years (28.3%) and 28 and older (12.3%). The sample had more Freshmen (33.1%) than Sophomores (20.6%), Juniors (24.1%), or Seniors (22.2%). 
________________________

Place Table 1 about here
________________________


Participants’ major status was determined by their answer to two questions:  Whether they were presently a psychology major, psychology minor, or neither a psychology major or minor and (if they were neither a psychology major or minor) whether they were considering becoming a major or a minor. From these questions students were categorized into one of three groups:  Potential or Actual Psychology Major (37.1%), Potential or Actual Psychology Minor (17.7%), or Neither a Potential nor Actual Psychology Major or Minor (45.1%). The distribution of participants by Major Status and Year in School is presented in Table 2. 
________________________

Place Table 2 about here
________________________

Task and Procedure
Students completed a version of Friedrich’s (1996) The Psychology as a Science scale. As previously noted, the scale is a reliable and valid measure of students’ understanding of psychology as a scientific discipline. The scale included questions requesting demographic information about participants’ age, sex, year in school, students’ status regarding being a psychology major, and students’ interest in becoming a psychology major. 
The instructions to complete the PAS Scale directed participants to read each of the 20 statements and respond to each by circling a number from 1 (strongly disagree) to 7 (strongly agree) that accurately described the extent of their agreement or disagreement with the statement. The instructions were taken from Friedrich (1996), but edited to remove reference to the claim that statements were not “correct or incorrect” but “represents an opinion regarding some aspect of psychology” (p. 8). We found the language invited intuitive reactions to the statements rather than the preferred reflective evaluation of them. The questionnaire used the same 20 statements and presented them in the same order as Friedrich (1996). Of the 20 statements, 5 were filler items and left unanalyzed. The remaining 15 statements were experiential items, with 7 items being reverse scored (see Friedrich, 1996 for a copy of the PAS). 
Students were assessed beginning in the 6th week of class, which was well beyond the time in the semester when professors lecture about the scientific nature of the discipline; material which is typically given in the first or second week of class. Most participants completed the questionnaire during their regularly scheduled class, with some completing the questionnaire at home and then returned it to their professor. Those in Introductory Psychology classes earned research credit for completing the questionnaire. Consent forms and questionnaires were distributed to the students and collected afterwards. The entire procedure took five to ten minutes. 
Results


Cohen’s Kappa was computed on the 15 PAS items and found to be .83, which indicates a very reliable test. More qualitatively, the average scores of student groups reported by Friedrich were compatible with the present results (see Figure 2). The average Freshmen PAS score in the present study (M = 5.01) is compatible with Friedrich’s finding of the performance of Introductory Psychology students at the end of their class (M = 5.11). Similarly the average PAS scores of Junior (M = 5.55) and Senior (M = 5.72) majors in the present study (who are required to take a research methods course) were compatible with Friedrich’s report of the average scores of psychology students after they complete a Research Methods course (M = 5. 55).

Participants’ PAS scores were positively correlated with the number of psychology courses taken, r = .21, (N = 414) p < .001. This finding suggests that the more psychology courses to which students are exposed, the more they come to believe that psychology is scientific. To further assess the impact of the psychology curriculum on PAS scores, a 4 (Year in School) by 3 (Major Status) ANCOVA was performed, with sex and number of psychology classes as covariates. Sex was treated as a covariate because there were fewer female (N = 26) than male (N = 51) Potential or Actual Minors, whereas the other categories revealed fairly equal distributions of males and females. The number of psychology classes was treated as a covariate to isolate the effect of students’ level of commitment to the study of the discipline (Major Status) and general knowledge about disciplines acquired from years in college (Year in College) from the number of psychology courses they have completed.

Results revealed a main effect of Year in School, F(3, 398) = 3.81, p = .01, p2 = .03 and Major Status, F(2, 396) = 19.12, p < .001,p2 = .09. As can be seen in Figure 1, Bonferroni post-hoc tests revealed that Potential or Actual Majors had significantly higher PAS scores than the other two groups, and that Seniors had significantly higher PAS scores than Freshmen. There was no Year in School by Major Status interaction effect, F(6, 396) = .23, ns. 
Discussion


The purpose of the present study was to explore whether undergraduate students learning psychology overcome misconceptions about the discipline through a process of conceptual change. To test the claim, over 400 students completed a Psychology as a Science questionnaire which had been used previously by Friedrich (1996). The present data replicated Friedrich’s findings in the reliability of the instrument and scores of students, suggesting that the instrument was as reliable and valid in the present sample as it was in Friedrich’s studies. 

PAS scores were related to the number of psychology course taken. The finding suggests that exposure to the discipline is related to students more strongly adopting a belief in psychology as a science. The data replicates other research which shows a decrease in misconceptions about psychology as students take more psychology courses. However by itself, the finding does not confirm the conceptual change account of students learning psychology. According to this account, students’ misconceptions must be challenged so that the network of ontological assumptions, explanatory concepts, and causal mechanisms which support them can be reflected on and transformed. Although the challenges to the students’ misconceptions may result from the accumulation of repeated exposure to courses based on scientific psychology, there were two alternative accounts for the correlation which challenge that explanation. 

First, instead of the effect of accumulated exposure to courses based on scientific psychology, perhaps the increase of PAS scores reflects the acquisition over the four college years of general knowledge about the nature of academic disciplines, including psychology. The results of the present study confirm this point by demonstrating that irrespective of students’ sex and the number of psychology courses taken, Seniors held a stronger belief in the scientific nature of psychology than Freshmen. However, it is unclear whether Seniors enter into psychology classes with a stronger belief in psychology as a science than freshmen or were more receptive to the claim than are freshmen once they were instructed in the discipline. Future research could explore the question by tracking the change in Freshmen and Senior students’ beliefs about psychology as a science over the course of a single class and multiple classes.

There is a second reason that a correlation between PAS scores and number of psychology courses taken does not necessarily confirm the conceptual change account of student learning of psychology. Perhaps this correlation reflects one limited to psychology majors, who have a special commitment to the discipline. The present data confirm this point by demonstrating that independently of students’ sex and the number of psychology courses taken, potential or actual psychology majors held a stronger belief in psychology as a science than the other students. Future research could explore whether the “major effect” is due to their intrinsic curiosity in the discipline, a product of their preparation for graduate school or a career in the discipline, the result of a specific course required of majors (Capstone, Research Methods, Statistics, etc.), or some other factor associated with majoring in the discipline. 


Training in scientific psychology is a central mission of undergraduate education in psychology (Brewer, 1993; American Psychological Association, 2007) and courses which promote scientific psychology are ubiquitous in the undergraduate curriculum of most psychology departments (Perlman & McCann, 1999a, b). Despite the ubiquity of undergraduate training in the science of psychology, exposure to the discipline, as indexed by the number of psychology courses taken, may not be the best or most direct predictor of increases in students’ scientific beliefs in the discipline. The positive correlation between the number of courses taken and students’ scientific beliefs may be spurious. Instead the correlation may be due to students who take more psychology courses being more committed to the discipline (Potential or Actual Majors) or acquiring more general knowledge and background about all academic disciplines (Seniors). 

Despite appearing to be incompatible, the two factors of Year in School and Major Status may promote conceptual change in a similar way. In recent research, Introductory Psychology students were asked to complete the PAS from their own (Self) and their professors’ (Professor) perspectives (Amsel et al., in press; Amsel & Johnson, in preparation). Overall students tended to score higher on the PAS in the Professor than in the Self condition, suggesting that even in their first psychology course, students can readily recognize that psychology is a science although they themselves may be reticent to believe it. Two findings from this research are particularly relevant for understanding the results of the present study. First, Introductory Psychology students’ PAS scores in the Professor condition completed later in the semester predicted changes in their scores in the Self condition over the course of the semester, independently of their earlier PAS scores in the Professor condition (Amsel & Johnston, in preparation). This finding suggests that Introductory Psychology students acquire stronger beliefs regarding the scientific basis of the discipline through a process that is related to successfully imagining the network of assumptions, concepts, and beliefs of their psychology professors. Entertaining such a network is likely difficult for Introductory Psychology students given their commitment to Folk Psychology. Evidence of the importance of, but challenge in, students entertaining their professors’ ideas about the discipline comes from the second key finding from the research: Introductory Psychology students’ PAS scores in the Professor condition were more strongly correlated to their anticipated and actual final grade than was their scores in the Self condition (Amsel et al., in press; Amsel & Johnston, in preparation). 

The two findings suggest that students who perform successfully in their Introductory Psychology class are those with the ability and motivation to entertain their professor’s ideas about core disciplinary issues, and whose own beliefs about the same issues change in the direction of their professor’s beliefs. Compared to others in the present study, potential or actual psychology majors may be more motivated to imagine how their psychology professors think. Whether for career, conceptual, or academic reasons, Potential or Actual Majors would be particularly motivated to not only perform well in their classes, but also revise their core misconceptions about the discipline. Similarly, as experts in college learning, Senior students may be more experienced and skilled at entertaining their professors’ beliefs than are Freshmen. As savvy and effective learners, Seniors may have discovered the value in representing their professors’ thinking as a way to perform well in a class and to revise core misconceptions. 

In summary, the present findings suggest that students hold misconceptions about the scientific status of psychology that are consistent with Folk Psychology. The findings further suggest that students who were particularly committed to the discipline (Potential or Actual Psychology Majors) and those who were more advanced in their university career (Seniors) held the strongest beliefs in the scientific nature of the discipline. The findings were explained by a process of conceptual change in which particularly motivated and able students are more likely to entertain their psychology professor’s ideas about the discipline which results in them revising their own disciplinary beliefs.
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Table 1:  Distribution of Students by Classes

_________________________________________________________
Courses


Frequency
Percentage



_____________________
Lower Division

1000-level 


176

40.2%




2000-level


  50

11.4%

Subtotal


226

51.6%
Upper Division

3000-3499-level


127

29.0%

3500-3999-level


  77

17.6%

4000-level or above


    8

  1.8%

Subtotal


212                  48.4%
Overall Total


438

100%

_________________________________________________________
Table 2:  Distribution of Students by Major Status by Year in School.

______________________________________________________________________________




Potential

Potential 
Neither
 Potential      
          Total



or Actual

or Actual 
nor Actual Major

 


Major 


Minor

or Minor




____________________________________________________________
Freshmen

25


21


 97


143
Sophomore

32


12


 44


  88

Junior 


44


26


 33


103
Senior


57


18


 21


  98
Total


158


77


195


430
______________________________________________________________________________

Figure 1:  PAS scores by Academic Year and Status (Potential or Actual Majors, Potential or Actual Minors, or Neither Potential nor Actual Major or Minor)
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