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Few undergraduates choose physics as a major, and among those who do very 

few are women. One potential contributor to this problem is the impact that physics 

instruction seems to have on students’ self-efficacy, which is student’s thoughts and 

feelings about their capabilities to succeed as learners in physics. Self-efficacy plays 

an important role in student achievement in academics both in general and for stu

dents pursuing STEM degrees. Conversely, research has shown that the self-efficacy 

of both men and women tends to be reduced after taking traditional and research- 

based physics courses. Moreover, self-efficacy tends to be reduced further for women 

than for men. Whether the negative shifts in self-efficacy in physics are caused by 

physics instruction remains unclear. It may be that the negative shift in self-efficacy 

reflects a broader trend in university education that has little to do with physics per 

se. I investigated this and other alternative explanations for negative shifts in self- 

efficacy in physics courses using an in-the-moment measurement technique called 

the Experience Sampling Method. The technique allowed me to collect students’ 

day-to-day feelings of self-efficacy, which I called states, and to compare students’
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self-efficacy states in physics to those in other STEM courses. I found that students 

experienced much lower self-efficacy states in physics than in their other STEM 

courses. Moreover, this difference largely affected women who experienced physics, 

and only physics, with much lower self-efficacy states than men. Given that expe

riences are an established sources of self-efficacy beliefs and women also had much 

more negative shifts in their self-efficacy beliefs I concluded that the experience of 

physics instruction was probably a causal factor in women’s reduced self-efficacy. 

Further analysis found that the gender difference in self-efficacy states was more 

than twice that predicted by students’ pre-course achievement, attitudes and be

liefs. Thus I tentatively concluded that the negative impact on women’s self-efficacy 

resulted from inequities in the physics-learning environment rather than preexisting 

gender differences. I present evidence that the physics course I investigated was sim

ilar to other research-based physics courses and tentatively I concluded that physics 

instruction in general is detrimental to women’s self-efficacy.
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Chapter 1 

IN TR O D U C TIO N

A central goal in the development of research-based teaching practices in physics 

is to support students in developing expert attitudes and beliefs about learning and 

doing physics (Redish et al., 1998; Brewe et al., 2009; Adams et al., 2006; Etkina 

and Van Heuvelen, 2007). Within the broad category of attitudes and beliefs are 

students’ beliefs in their ability to succeed in learning and doing physics, what 

scholars (Bandura, 1997) call physics self-efficacy. Self-efficacy has received recent 

attention by physics education researchers because of the important role it plays in 

students’ agency and success in learning (Kost-Smith, 2011; Sawtelle et al., 2010, 

2012a,b). The benefits of self-efficacy have been identified in cognitive tasks where 

increasing self-efficacy causes improved cognitive performance (Bouffard-Bouchard, 

1990). Self-efficacy is also related to long-term outcomes. Self-efficacy in a content 

domain correlates with taking harder courses in that domain (Betz and Hackett, 

1983) and increased academic success (Zajacova et al., 2005; Williams and Williams, 

2010; Pietsch et al., 2003). In college, self-efficacy is correlated with the major 

students choose (Betz and Hackett, 1983; Marra and Bogue, 2009) and increasing 

students’ self-efficacy increases their long-term interest in pursuing STEM degrees 

(Luzzo et al., 1999). The relationship between self-efficacy and desirable outcomes 

also extends to introductory physics courses, which are the focus of this study. S’elf- 

efficacy is correlated with performance on course exams (Kost-Smith, 2011) and with 

passing introductory physics courses (Sawtelle et al., 2012a). Therefore it stands 

to reason that increasing physics self-efficacy is an important educational outcome 

that contributes to many other desirable outcomes.

1
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Self-efficacy belongs to the broader category of educational outcomes consisting 

of positive affect toward STEM domains. The study of affect includes students’ 

attitudes, beliefs, values, feelings and emotions. Declining STEM enrollments and 

increasingly negative attitudes toward STEM suggest that positive affect is in short 

supply within STEM instruction (Osborne et al., 2003). One aspect of affect in 

STEM learning, students’ attitudes toward learning and doing science, consistently 

decreases from pre to post instruction in STEM courses including physics (Adams 

et al., 2006), chemistry (Adams et al., 2008) and biology (Semsar et al., 2011). This 

decrease is problematic given that developing students’ attitudes towards doing and 

learning science is a core affective goal of science education (Brewe et al., 2009) and 

these attitudes are an important predictor of student success in STEM fields (Redish 

et al., 1998; Perkins et al., 2004; Madsen et al., 2015). The positive relationship 

between attitudes and student success also extend to other affective constructs that 

predict student achievement in STEM, including self-efficacy (Multon et al., 1991; 

Lee, 2009; Marra and Bogue, 2009), interest (Roller et al., 2001) and motivation 

(Singh et al., 2002; Mujtaba and Reiss, 2013). Given that college is where students 

ultimately commit to STEM majors and many STEM majors leave their degrees in 

spite of being fully capable of success (Seymour and Hewitt, 1997) affective traits 

are important outcomes of introductory STEM courses. As Redish et al. (1998) 

pointed out, the transition to college courses introduces an ideal opportunity for 

developing students’ attitudes and beliefs about doing and learning science. Yet, 

the negative shifts in students’ affective traits in STEM courses indicate that this 

opportunity is not being capitalized on.

Affect and cognition are not independent, instead they are interrelated (Pin- 

trich et al., 1993). These interrelationships have been demonstrated both in terms 

of short-term and long-term outcomes for self-efficacy. In a controlled experiment 

Bouffard-Bouchard (1990) found that increasing students’ self-efficacy caused stu

2
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dents to set higher standards for themselves, use more efficient strategies and achieve 

greater intellectual performance. This causal relationship between self-efficacy and 

performance is likely a reciprocal causal relationship that goes in both directions 

(Williams and Williams, 2010). Williams and Williams (2010) found that greater 

self-efficacy leads to greater performance that, in a self-reinforcing cyclic process, 

then leads to increased self-efficacy. In addition to these direct benefits for learning 

and performance, Luzzo et al. (1999) used an experiment to demonstrate that in

creasing students’ self-efficacy for science and mathematics increased their interest 

in pursuing science and mathematics careers.

My purpose in this research follows from the clash between the importance of self- 

efficacy in introductory physics and the absence of physics instruction that supports 

students in developing self-efficacy. The research I previously described indicates 

that not only is self-efficacy a predictor of important student outcomes it is also a 

causal agent in students’ cognition, performance and interest. Yet, students’ self- 

efficacy tends to decrease from pre to post instruction in introductory physics courses 

(Sawtelle et al., 2010; Lindstrom and Sharma, 2011; Kost-Smith, 2011) or at best 

not change at all (Sawtelle et al., 2010; Cavallo et al., 2004). My purpose in the 

investigation presented in this dissertation was to investigate the extent to which the 

physics-learning environment was a cause of the shifts in students’ self-efficacy. If the 

physics-learning environment is a cause a negative shift in self-efficacy then physics 

educators, researchers and policy makers will be confronted with the need to develop 

physics instruction that addresses this detrimental impact on students. Supporting 

students in developing self-efficacy is important because it supports students in 

doing better both in the short term through increased cognitive performance, more 

efficient strategy use and setting higher goals and in the long term by supporting 

student course performance and supporting students in choosing STEM majors.

3
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To approach this investigation I distinguished between two different measures 

of self-efficacy, states and traits. Self-efficacy traits are the general pattern of self- 

efficacy that a student tends to experience in physics. Self-efficacy states are the 

in-the-moment experience of self-efficacy in the activity at hand. For example, a 

physics graduate student likely has relatively high self-efficacy traits in physics. 

Therefore, that graduate student will tend to experience relatively high self-efficacy 

states while learning physics content, but they will also likely experience very low 

self-efficacy states at times. I labeled the measure of self-efficacy that retrospective 

surveys provide as traits because they measured students’ general tendency to feel 

efficacious in physics activities and they were relatively stable, tending to change 

only small amounts over long periods of time. I developed a direct measure of stu

dents’ subjective feelings of capability that arose in the process of learning physics. 

I labeled this direct measure self-efficacy states because it varied large amounts over 

short time frames and was specific to the activity at hand.

In the rest of this chapter I motivate my investigation of self-efficacy from what 

is known about self-efficacy in introductory physics courses. In reviewing the prior 

research I focus on what is known about gender differences in self-efficacy since gen

der differences in self-efficacy exist both in general and in physics. These gender 

differences in self-efficacy motivated me to focus on gender as a central variable 

in my investigation. I situate the known gender differences in physics self-efficacy 

within the known gender differences for a broad array of student outcomes for: con

ceptual learning, attitudes, experience and the under-representation of women in 

physics. The gender differences in experience in physics have largely been measured 

using retrospective surveys or retrospective interviews administered distantly from 

the actual experience. This distance between experience and measurement moti

vated my development of a direct measure of self-efficacy states because the passage 

of time may introduce inaccuracies in student retrospections on their experiences.

4
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Additionally, because my self-efficacy state construct was novel, I also motivate the 

need for this measure from the broader literature on self-efficacy. To motivate the 

validity and utility of the self-efficacy state construct, I review the literature on the 

experience sampling method (ESM), which I adapted to collect self-efficacy states. 

At the conclusion of this chapter I provide an overview of the structure of the my 

dissertation that follows from the purpose, motivation and goals that I developed 

based on the extant research that I review in this chapter.

1.1 Self-efficacy in physics

A major problem is that physics frequently undermines or at best fails to support 

students’ self-efficacy. Decreases in students’ self-efficacy has been measured across 

a wide range of introductory physics courses for majors and for non-majors. In the 

largest investigation of self-efficacy in introductory physics, Kost-Smith (2011) found 

consistently negative shifts in self-efficacy traits for 2,155 students in 6 semesters 

of physics instruction, 3 first semester and 3 second semester courses. The courses 

Kost-Smith (2011) investigated implemented research-based teaching practices and 

were calculus-based. Sawtelle et al. (2010) found negative shifts in self-efficacy traits 

for 175 students in 3 semesters of a traditional lecture-based physics course and neu

tral shifts in self-efficacy traits for 70 students in 3 semesters of a research-based 

physics course. Both of the courses that Sawtelle et al. (2010) investigated were 

calculus-based. Cavallo et al. (2004) found neutral shifts in self-efficacy traits for 

196 students in an inquiry-based physics course using algebra-based instruction. 

They measured self-efficacy across a full year of instruction. Lindstrom and Sharma 

(2011) found negative shifts for 203 students in two first semester physics courses 

and neutral shifts for 124 students in one second semester physics course. These 

courses implemented some research-based teaching practices and were algebra-based.

5
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I found no studies reporting positive shifts in physics self-efficacy traits. It is dif

ficult to compare the results in these studies because they investigated different 

types of courses with different instruments and some combined first and second 

semesters of instruction while others did not. Nonetheless, the fact that none of 

these studies found positive shifts in students’ self-efficacy suggests that physics is 

failing to support the development of self-efficacy. Furthermore, the lecture-based 

and research-based instruction that negatively impacted students self-efficacy traits 

(Kost-Smith, 2011; Sawtelle et al., 2010) are two of the most prevalent pedagogies 

for calculus-based physics instruction. These findings indicate that common forms 

of physics instruction are harmful to students’ belief in their ability to learn and 

do physics. My central purpose to link the shifts in students’ self-efficacy to the 

physics-learning environment was motivated by these consistent negative shifts in 

students’ self-efficacy in physics courses.

The research on self-efficacy in physics has focused solely on physics and has 

not also measured self-efficacy in other STEM domains; therefore, it has not ruled 

out the possibility of a general trend of decreases in self-efficacy in introductory 

STEM courses. Thus, one possible alternative explanation for the negative shift in 

physics self-efficacy is that it is an epiphenomenon of a general trend throughout 

STEM education. There have been several investigations of self-efficacy in other 

STEM domains and I review these studies in Chapter 4. Similar to the studies of 

self-efficacy in physics, studies in other domains have studied a wide range of courses 

(research-based, lecture-based, for majors, for non-majors, etc.) with a wide range 

of instruments and with varying levels of reporting on their findings. This variabil

ity makes it difficult to directly compare between these studies. Direct comparisons 

between STEM domains are much easier to make in terms of the shifts in students’ 

attitudes about learning and doing physics since the Colorado Learning Attitudes 

about Science Survey (CLASS) has been adapted for, and used in, multiple STEM

6
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domains. While the CLASS reports on attitudes, not self-efficacy, the two are inter

related since self-efficacy falls within the broader scope of attitudes. Thus, a general 

negative trend in self-efficacy across STEM domains is supported by the decreases in 

students’ attitudes measured in many introductory STEM courses including physics 

(Adams et ah, 2006), chemistry (Adams et ah, 2008) and biology (Semsar et ah, 

2011). If there were a general trend, however, this would not appear to be overly 

strong given that some of the studies in physics found neutral shifts in students’ 

self-efficacy.

Locating a cause of the shift in self-efficacy traits within the physics-learning 

environment follows from an assumption that self-efficacy traits in a domain develop 

from the experiences that students have in that domain. This relationship between 

experience and self-efficacy traits comes directly from the theoretical basis of self- 

efficacy (Bandura, 1997). For example, one of the most important sources of self- 

efficacy traits are mastery experiences, experiences of accomplishment and success 

that result in the elevation of an individual’s assessment of his or her abilities in a 

specific domain (Bandura, 1997; Zeldin et al., 2008; Zeldin and Pajares, 2000; Betz 

and Schifano, 2000; Luzzo et al., 1999). The experimental study of Luzzo et al. 

(1999) demonstrated that experiences are causal relationships in the development 

of self-efficacy traits. Their design used four treatment conditions and the students 

in the conditions that received mastery experiences developed and maintained higher 

self-efficacy than those in the control group and than those that received the less 

powerful vicarious experiences.

Given the importance of mastery experiences in the development of self-efficacy 

traits, it seems reasonable that increasing the effectiveness of instruction would im

prove self-efficacy development by providing more opportunities for mastery experi

ences. Subsequently, I would expect courses implementing research-based teaching 

practices with documented increased conceptual learning to support students in
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developing self-efficacy traits. Unfortunately, courses with relatively high levels of 

conceptual learning do not support students in developing self-efficacy traits (Kost- 

Smith, 2011; Sawtelle et al., 2010), though in the research-based courses investigated 

by Sawtelle et al. (2010) students’ self-efficacy traits did not decrease. This consis

tent lack of positive shifts in physics self-efficacy traits raises the questions of what 

self-efficacy states are students experiencing during physics instruction and how do 

those states compare to those experienced in similar activities, such as other STEM 

courses?

1.2 Gender differences in physics self-efficacy

Female students tend to start physics instruction with lower self-efficacy traits 

than male students and tend to have larger negative shifts in their self-efficacy traits 

resulting in the gender differences tending to increase (Kost-Smith, 2011; Sawtelle 

et al., 2010; Lindstrom and Sharma, 2011; Cavallo et al., 2004). This difference in 

shifts in self-efficacy traits indicates that there is likely a difference in the self-efficacy 

states men and women experience during physics instruction since the development 

of self-efficacy is rooted in experience (Bandura, 1997; Bouffard-Bouchard, 1990; 

Luzzo et al., 1999). It is possible, however, that these gender differences in self- 

efficacy traits do not reflect gender differences in experiences since retrospective 

measures do not always accurately reflect actual gender differences in experience 

(Goetz et al., 2013). They named this difference between retrospective measures and 

experiences a state-trait gap. Thus, a possible explanation of the gender differences 

in self-efficacy traits is that it arises due to differences in retrospection rather than 

differences in experience. Furthermore, if there are gender differences in the self- 

efficacy states students experience in physics it is possible that these differences are 

an epiphenomenon of larger trend in introductory STEM courses. Since prior stud

8



www.manaraa.com

ies of self-efficacy in physics (Kost-Smith, 2011; Sawtelle et al., 2010; Lindstrom and 

Sharma, 2011; Cavallo et al., 2004) have only investigated physics instruction they 

cannot rule out the possibility of gender differences in self-efficacy traits being com

mon throughout introductory STEM courses. These two alternative explanations 

(epiphenomenon and state-trait gap) for the gender difference in physics self-efficacy 

traits must be ruled out before a cause of a larger negative shift in women’s physics 

self-efficacy traits can be squarely placed within the physics-learning environment.

The gender differences in self-efficacy traits in physics are part of a larger trend 

of gender differences in affect and achievement within introductory physics courses. 

In introductory physics courses women tend to start instruction with lower levels 

of both conceptual knowledge (Madsen et al., 2013; Kost et al., 2009a) and atti

tudes about learning and doing physics (Kost et al., 2009a). Therefore it is possible 

that any gender differences in the self-efficacy states that students experienced while 

learning physics are mostly a result of the traits (conceptual knowledge, attitudes 

and self-efficacy traits) that students started instruction with. If this is the case 

then the physics instruction could be said to fairly treat men and women (Ro

driguez et al., 2012) since it did not have an effect on either group beyond what 

was predicted by pre-existing differences. I further discuss equity and fairness in 

Chapter 6. If the gender differences in the self-efficacy states that students expe

rienced were much larger than those predicted by students’ pre-course traits then 

this would clearly be inequitable since the physics-learning environment negatively 

impacted women more than men. If college physics instruction is inequitable then 

much of the onus for addressing gender differences in self-efficacy states and traits is 

located within the environment of college physics instruction and it would therefore 

be the responsibility of the educators, researchers and administrators at the college 

level to address this inequity.
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1.3 D irectly m easuring self-efficacy in the process o f learning physics

One significant challenge for investigating the relationship between students’ ex

periences in physics and their development of physics self-efficacy traits is that there 

are very few methods for measuring self-efficacy states in a direct way. Most studies 

investigating the development of self-efficacy have indirectly measured experiences 

that support the development of self-efficacy using retrospective measures, primar

ily in the form of quantitative surveys and to a lesser extent interviews (Sawtelle 

et al., 2012a). Because retrospective measures are generally reported long after the 

experience, they primarily access portions of that experience that students were 

consciously aware of. Thus, retrospective measures may miss many important fea

tures of experience that support self-efficacy trait development that students were 

not consciously aware of. An example of these subtle aspects of experience is re

ceiving non-verbal feedback from other students in the form of laughter, smiling 

or nodding, which may support students’ self-efficacy trait development (Sawtelle 

et al., 2012a). Furthermore, retrospective survey measures are inherently biased by 

the passage of time. Goetz et al. (2013) reported on this bias in the form of a gap 

between experience and retrospections on experience, referred to as a state-trait 

gap, for anxiety in mathematics. They concluded that two populations of students 

could have similar experiences, but who reflect on those experiences differently due 

to differences in their attitudes about the domain of that experience. Given that 

there are pre-existing gender differences in students’ attitudes about learning and 

doing physics (Kost et al., 2009a) it is possible that gender differences in retro

spective self-efficacy trait measures do not actually represent gender differences in 

self-efficacy state experiences.

I approached measuring self-efficacy from two distinct directions, states and 

traits. I separated self-efficacy between states and traits in response to the con-
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Environment

I
Behavior

Internal 
States

Figure 1.1: The three majors classes of determinants. These classes are proposed by 
Social Cognitive Theory. The arrows represent the reciprocal causal relationships 
that exist between each of the classes.

tradiction of measuring self-efficacy, which is “a dynamic fluctuating property, not a 

static tra it” (Bandura, 1997, p. 480), with surveys administered only once or twice 

a semester that treat self-efficacy as a relatively static trait. Drawing on Bandura’s 

definition of self-efficacy as “beliefs in one’s capabilities to organize and execute the 

courses of action required to produce given attainments” (Bandura, 1997, p. 3) I 

defined self-efficacy states as being dynamic judgments of one’s ability to organize 

and execute the courses of action required to produce given attainments in the ac

tivity at hand. The concept of states in this definition bears unpacking. Bandura 

(1986, 1997) proposed that internal states are one of the three major classes of de

terminants in human agency, along with behavior and environment, as shown in 

Figure 1.1. According to Bandura (1997), states arise within the individual, have a 

complex latent structure (consisting of affect, cognition and biological events) and 

are dynamically responsive to both the perceived environment and the individual’s 

behavior. Self-efficacy states lie within this latent structure, but self-efficacy is likely 

a central causal force that affects the other aspects of the internal states, behavior 

and perceived environment.
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Traits are the relatively stable and automatic patterns of internal states, includ

ing thoughts, feelings, and behaviors that habitually occur in different circumstances 

and contexts (Jackson et al., 2012). As Jackson et al. (2012, p. 746) point out, “From 

this definition it is important to note that personality traits reflect more than just 

behaviors; traits also reflect thoughts (cognitions) and feelings (emotions, affect).” 

This definition of traits is consistent with the description of self-efficacy as context 

dependent, tending to be very stable and resulting in habitual patterns of behavior 

(Bandura, 1997, 2006). Therefore, I defined self-efficacy traits as the relatively stable 

pattern of judgments of one’s ability to organize and execute the courses of action 

required to produce given attainments in a domain. Following from these definitions 

I propose thinking of traits as representing the patterns that arise between the three 

major classes of determinants: internal states, environment and behavior.

One distinction between states and traits is the emphasis on who is responsible 

for them. Traits by definition belong to the individual and reside within the individ

ual. In contrast, states reside within the individual but arise in responses to both 

the individual and the environment. In education settings this distinction could 

be critical for empowering educators to take action to change the status quo given 

that states emphasize the role of the environment and the learning environment is, 

within limits, the responsibility of the educator.

1.4 M easuring self-efficacy states

I measured self-efficacy states using the Experience Sampling Method (ESM). 

Participants in the ESM report their affect as it is happening, or immediately after, 

by answering a brief survey when signaled. Signals are either random throughout a 

person’s day or situation-dependent. For example, Goetz et al. (2013) used situation 

dependent signaling to collect data only during mathematics courses. The surveys
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are designed to measure several aspects of experience including environmental char

acteristics (what participants were doing, where they were, who they were with), 

thoughts and feelings. The surveys are very short, typically taking one to three 

minutes to fill out, and they are meant to reflect feelings and emotions occurring 

at the time of the signal. Experiences are normally sampled throughout a person’s 

day so that experiences of interest, such as feelings of self-efficacy in physics class, 

can be compared to other daily experiences. Data collection normally continues for 

several days so that target and background experiences are sampled multiple times 

for each person. The scale of ESM studies can vary greatly in terms of the number of 

participants, the number of samples collected and the length of data collection. For 

example, ESM studies vary from focusing on a single person for one week (Hektner 

et al., 2007) to the Sloan Survey of Youth and Social Development (SSYSD), which 

collected data from a total of 4,816 students at 33 public secondary schools over five 

years.

Because the ESM can collect experiences throughout daily life, it is particularly 

useful in identifying the environmental characteristics that correspond with affective 

components of experience. Shernoff et al. (2003) used data from the SSYSD to 

show that students were much more likely to have high levels of engagement in 

collaborative group work than in lecture. Lecture, however, made up the majority of 

activities students engaged in and collaborative group work was much less common. 

Separate studies by Johnson (2009) and Rathunde (2003) utilized similar methods to 

compare experiences of students attending non-traditional middle and high schools 

to those in the traditional public schools investigated in the SSYSD. They found 

that students in the non-traditional schools experienced high levels of engagement 

far more often than those in the traditional public schools in part because they spent 

more time in collaborative group work and much less time in passive activities such 

as lecture and watching media.
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Despite the usefulness and availability of the ESM, very few studies have in

vestigated the contextual dependencies of college learning. One exception is Goetz 

and colleagues’ (Goetz et al., 2009) investigation of Control-Value Theory with 50 

college freshmen over a one week period. In their review of and guide to using the 

ESM Hektner et al. (2007) pointed out only two studies using the ESM in college 

learning compared to many uses in secondary education. As Pekrun and Stephens 

(2010) pointed out the college classroom and the secondary classroom have differ

ent goals, different populations of students and different expectations that require 

both environments to be independently investigated. Further Pekrun and Stephens 

(2010) pointed out that very little research has been done on students affective ex

periences in college learning environments. The lack of studies in college settings 

indicates that there is a need to investigate affective experience with more direct 

measures like the ESM in college level learning.

The ESM has also been used to look at how emotions interact and how this 

interaction varies across contexts. Several studies have (Shernoff, D., Csikszentmi- 

haly, M., Schneider, B., Shernoff, 2003; Johnson, 2009; Rathunde, 2003) used the 

theoretical framework of Flow Theory and focused on affective engagement, which 

they defined as a combination of concentration, interest and enjoyment. Goetz et al. 

(2009) used the ESM to investigate the role of the emotions of control and value 

in predicting positive and negative affect in educational settings to test Pekrun’s 

(Pekrun, 2006) Control-Value Theory. In one of the few ESM studies to investigate 

college students’ experiences, Goetz et al. (2009) collected data from 50 freshman 

university students throughout their daily lives over one week. They found that 

school was experienced with much less enjoyment and contentment than non-school 

activities and that much of this difference was explained by the control and value 

that students experienced in school activities. They also found that the control- 

value interaction was a statistically significant predictor of the positive affect that
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students experienced. This interaction indicated that together high states of con

trol and value lead to greater positive affect than would be expected from only the 

independent contributions of control and value. These sorts of findings illustrate 

the potential usefulness of the ESM for measuring the environmental and affective 

characteristics of students’ experiences. Despite these examples of the ESM’s utility 

in developing affective theories, in my review of previous studies either using the 

ESM or investigating self-efficacy I found only one study that used the ESM to 

investigate self-efficacy states.

Schmidt and Shumow (2012) investigated students’ efficacy experience in rela

tion to teachers’ practices and beliefs in secondary-school science classrooms. They 

collected data from 228 students in 11 science classrooms across a five-day school 

week. Their study was focused solely on the science classroom and did not collect 

ESM data outside of the science class. This focus left open the question about how 

experiences in science learning compared to learning in other domains. They supple

mented ESM data with self-efficacy surveys, classroom video and teacher interviews 

in an attem pt to trace the development of science self-efficacy traits. Survey re

sults indicated that some classrooms supported self-efficacy trait development while 

others undermined it. The differences in self-efficacy trait development were re

lated to teachers’ practices, such as supporting students in participating in class, 

and teacher’s beliefs about the gendered nature of science. In one course where 

the teacher was more supportive and responsive to male students than to female 

students and viewed science as a male domain, a gender difference in science self- 

efficacy traits resulted such that male students’ self-efficacy traits increased while 

female students’ decreased. In contrast, the courses where the teacher did not ex

press a belief in science being gendered or behave in gender preferential ways gender 

differences in science self-efficacy traits did not develop. Schmidt and Shumow 

(2012) did not investigate a numerical relationship between efficacy experiences and
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science self-efficacy trait development leaving open the question of the strength of 

this relationship. Instead, they illustrated this relationship with two examples: one 

of a student whose self-efficacy improved and one whose declined. The student who 

improved experienced higher self-efficacy states as the course progressed and the 

student who declined experienced lower self-efficacy states as the course progressed. 

The two example case studies provide evidence of a relationship between the self- 

efficacy states that students experience and the self-efficacy traits that they develop. 

Furthermore, the relationships between teachers’ beliefs and actions and the self- 

efficacy traits that students develop demonstrate the importance of the environment 

in shaping students’ self-efficacy states and traits.

1.5 Structure of th is dissertation

I developed four design goals to support my research in achieving my central 

purpose of investigating if the physics-learning environment was a cause the nega

tive shift in students’ self-efficacy traits. I describe these goals along with the design 

and methods used in this investigation in detail in Chapter 2 and I use them here to 

layout the structure of the rest of the dissertation. A central focus and contribution 

of this study was my adaptation of the ESM as a novel approach to measuring self- 

efficacy states. Because this approach has not been used in other studies I checked 

the internal and external validity of the self-efficacy state measure, design goal three, 

throughout the dissertation. I present my development of the self-efficacy state mea

sure and the bulk of the investigation into its validity in Chapter 3. I present the 

quantitative analysis I used to verify the internal validity of the self-efficacy state 

measure. The first and second design goals were to determine whether negative 

effects on self-efficacy traits can be detected as a depression of self-efficacy states 

that occurred within the physics-learning environment and to investigate likely al
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ternative causes of depressed self-efficacy states in physics. The most prominent 

alternative explanation was that depressed self-efficacy states were not unique to 

physics but were instead part of a broader trend in college learning. These purposes 

were explored in Chapters 4, 5 and 6. In Chapter 4 I present my investigation of 

the differences in self-efficacy states in physics compared to in other STEM courses 

for all students. In Chapter 5 I present my investigation of the role of gender in 

students’ self-efficacy states in physics compared to in other STEM courses. This 

comparison allowed me to investigate the extent to which gender differences were 

an epiphenomenon of a general trend in STEM courses or alternatively the extent 

to which gender differences in traits did not reflect gender differences in experience 

but were instead a result of differences in retrospection.The format of Chapter 5 

varies from the other chapters because it has been accepted for publication in Phys

ical Review Special Topics - Physics Education Research . In Chapter 6 I present 

my investigation of the role of students’ pre-course traits in the self-efficacy states 

that they experienced in physics. The fourth design goal was to obtain evidence of 

the extent to which the results would generalize to physics instruction beyond my 

particular context. In Chapter 5 I also present my investigation into the generaliz- 

ability of my findings to other physics courses, design goal four. Finally in Chapter 7 

I summarize my results and draw conclusions about their likely causes, implications 

for teaching and directions for future research.
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Chapter 2

D ESIG N  A N D  M ETH O DS OF THE INV ESTIG A TIO N

In this chapter I lay out the four design goals that supported my investigation into 

the cause of the shifts in students’ physics self-efficacy traits. I describe comparisons 

that supported achievement of these four design goals and my reasoning for collecting 

the specific state and trait measures to make these comparisons. Next, I describe 

the methods for collecting, processing and analyzing the data I used in this study. 

Then, I lay out who the participants in the study were and describe the physics 

course that I investigated. Lastly, I summarize the questions that were investigated 

and the methods I used to investigate them in Chapters 3 through 6. Finally, in this 

chapter I provide a general overview of the methods used in my investigation. The 

details of the methods used to answer specific research questions are presented in the 

various chapters that address those components of the investigation (i.e. Chapters 

3 through 6).

2.1 D esign

Broadly, the study used a within-subject design to investigate the relationship 

between students’ self-efficacy states and traits while learning physics. This design 

allowed measuring students’ self-efficacy states with the same instrument in multi

ple settings, which facilitated the comparison of the experience in physics to that in 

other STEM courses for the same students. This design also allowed investigating 

the relationship between self-efficacy and gender while controlling for other vari

ables. These design features followed from the central purpose of this dissertation, 

which was to investigate whether the physics-learning environment is a cause of the 

reduction in students’ self-efficacy traits that has been observed in many physics
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courses. To that end I drew on Causal Modeling by Asher (1983) to develop four 

design goals.

1. Determine whether negative effects on self-efficacy traits can be detected as 

a depression of self-efficacy states that occurred within the physics-learning 

environment.

2. Investigate likely alternative causes of depressed self-efficacy in physics, most 

prominently the explanation that depressed self-efficacy states would not be 

unique to physics but instead part of a broader trend in college learning.

3. Check the validity for the self-efficacy state measure.

4. Obtain evidence of the extent to which the results would generalize to physics 

instruction beyond my particular context.

These goals were met through the coordination of state and trait data. State data 

was obtained from students’ in-the-moment experiences such as their self-efficacy 

states. Trait data consisted of students’ self-efficacy traits, conceptual knowledge, 

attitudes and course grades. I measured the shift in students’ self-efficacy traits 

from pre to post instruction in order to locate any effect on students’ self-efficacy 

as happening across instruction. I reasoned that if I had only measured self-efficacy 

traits post instruction, and not also pre-instruction, any gender differences in those 

traits could not be said to be a result of physics instruction because they could have 

existed prior to physics instruction rather than developing as a result of physics 

instruction. I measured self-efficacy states in order to identify any potential effect 

within the physics-learning environment. Linking the effects measured by the state 

and trait measures required investigating the validity of the relationship between 

these two measures.
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The major alternative explanation for negative shifts in students’ self-efficacy 

traits was that they were not a unique effect of physics instruction but rather an 

epiphenomenon of a larger trend throughout introductory college STEM courses. 

This possibility was the motivation for collecting self-efficacy state data in STEM 

and non-STEM courses to compare to physics. Obviously, the possibility of an 

epiphenomenon would be unlikely if students experienced lower self-efficacy states 

in physics than in other STEM courses. Furthermore, I collected state data from 

throughout participants’ full waking day, which included recreational, homework 

and off campus time. This broad data collection provided context for interpreting 

students’ experiences in physics and allowed comparing self-efficacy states in physics 

to those experienced in other STEM courses. Specifically, I used the difference be

tween self-efficacy states in school compared to non-school activities as a benchmark 

for very large differences.

There were three other alternative explanations for the self-efficacy trait effect 

that I investigated. The first was applicable to investigating the effect of physics 

instruction on self-efficacy both with and without taking gender into account. The 

remaining two are only applicable to gender differences. The first was that the shift 

in self-efficacy traits resulted from experiences in marginal activities, such as receiv

ing course grades, rather than in activities central to the process of learning physics. 

Marginal experiences would likely not be a major cause of the effect if I found that 

the self-efficacy states measured in physics were lower than those measured in other 

school activities. The second alternative explanation was that any gender differences 

in the shifts in self-efficacy traits were a result of gender differences in retrospec

tion, how students remembered their experiences, rather than gender differences in 

self-efficacy state experiences in physics. For example, men and women could have 

had similar self-efficacy state experiences in physics, but women could have focused 

more on the low experiences they had and men could have focused more on the
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high experiences they had when reporting on their self-efficacy traits. I reasoned 

that gender differences in self-efficacy traits would have had little to do with gender 

differences in retrospection alone if women had lower self-efficacy states in physics 

than men.

The final alternative explanation is the possibility that any gender differences 

in self-efficacy states that students experienced in physics were mostly a result of 

preexisting gender differences rather than the physics-learning environment. I in

vestigated this possibility by using a regression model to check whether the gender 

differences in self-efficacy states in physics were larger than those predicted by the 

traits that students started physics instruction with. I reasoned that if they were 

larger, then this would be an indication that physics instruction was impacting men 

and women differently due to inequities beyond the differences in the traits students 

started instruction with.

Evidence for the validity of the self-efficacy state construct, design goal three, 

was provided both internally within the ESM state data and externally between 

the self-efficacy state and trait data. In order to support the internal validity of 

the self-efficacy state construct I treated it as a latent variable, meaning that it 

was constructed by combining the responses to multiple questions about students’ 

feelings of efficacy. I used a latent variable design to measure self-efficacy states and 

three complementary affective states using twenty Likert-scale affective questions. 

I reasoned that these multiple measures would provide two forms of evidence of 

the internal validity of the self-efficacy state measure. The first form of evidence I 

investigated by checking the relationships between the component questions of the 

self-efficacy state construct (skill, control and success), and the second by check

ing the relationships between self-efficacy states and the complementary states. I 

checked the external validity of the self-efficacy state construct throughout the re

search by checking how similar the differences for self-efficacy states were with the
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differences for self-efficacy traits. For example, lower self-efficacy states for women 

than for men in physics would be consistent with larger negative shifts in women’s 

physics self-efficacy traits than men’s. Therefore, if the trait measure produced this 

effect and the state measure did not, at least one of the measures would be in ques

tion. Since my state measure was novel, its validity would be brought into question 

more than that of the trait measure.

Investigating the extent to which any effect of physics instruction on students’ 

self-efficacy traits that I measured generalized to other physics courses placed several 

demands on the research design since I collected data in only one physics course. 

I refer to this course as the focal IE physics course because it used interactive 

engagement (IE) teaching methods. I describe these teaching methods and this 

focal IE physics course in the context section in this chapter. I investigated an IE 

physics course as opposed to a traditional physics course because IE instruction is 

more effective at supporting student conceptual learning (Hake, 1998), and gender 

differences in conceptual knowledge tend to be smaller after IE instruction than 

after traditional physics instruction (Madsen et al., 2013). Thus, I reasoned that 

since self-efficacy and performance are related any effects I found in an IE physics 

course would be a conservative measure of effects in traditional lecture-based physics 

instruction. This reasoning is supported by larger negative shifts in students’ self- 

efficacy traits in the traditional physics courses investigated by Sawtelle et al. (2010) 

than in the IE physics courses investigated by Kost-Smith (2011).

I investigated the extent to which my findings generalized to IE physics courses 

overall, design goal four, by checking the representativeness of the participants, 

the course and the experiences measured. I checked the representativeness of the 

participants by comparing them to the students who did not participate using the 

trait measures I collected. I investigated how representative the focal IE physics 

course was by comparing it to IE physics courses investigated by Kost et al. (2009a)
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Table 2.1: The design structure of the dissertation. This table lays out the design 
goals and the questions that were investigated to address those goals along with the 
type of data that was used in the analysis. To save space in the table I shortened 
self-efficacy to SE.

Design Goal Question Measure
Locate the effect within instruction

Effect across in How did self-efffcacy traits shift from pre to post instruc SE traits
struction tion?
Effect within in How did self-efffcacy states in physics compare to those SE states
struction in other activities?

Validity of the self-efficacy state measure
Structure of the How strong and unique were the relationships between 20 Likert-
self-efficacy state the core components of the self-efffcacy state construct? scale ques
construct tions
Relationships be How closely did the relationships between the self- States
tween state con efficacy states and the complementary states match the
structs expected relationships?
Relationships be How consistent were the differences for self-efffcacy States
tween state con states with the differences for the complementary states
structs in the comparisons?
Relationship be Were the gender differences in the shifts in physics self- SE states
tween self-efficacy efficacy traits consistent with the gender differences in and SE
states and traits self-efficacy states experienced in physics? 

Alternative explanations

traits

Epiphenomenon How different were self-efficacy states in physics than 
those in other STEM courses?

SE states

Marginal Experi How different were self-efficacy states in physics com SE states
ences pared to in other activities?
State-trait gap Were there gender differences in the self-efficacy states 

students experienced in the focal IE physics course?
SE states

Inequities What were the relationships between pre-course traits, SE states
gender and self-efficacy states experienced in the focal 
IE physics course?

Representativeness

and traits

Participants What differences existed for the trait measures compar
ing those that participated and those that did not par
ticipate in the research?

Traits

Course How different was the focal IE physics course than other 
IE physics courses in terms of the means and gender 
differences in means on the trait measures?

Traits

Experiences How different were the self-efficacy states experienced in 
the components of the focal IE physics course?

SE states
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and Kost-Smith (2011) to investigate the extent to which they had similar effects 

on a range of outcomes. In both of these comparisons I used the trait measures 

for self-efficacy, attitudes, conceptual knowledge and course grades because they 

covered a broad range of outcomes and were all used by Kost et al. (2009a); Kost- 

Smith (2011). I investigated the representativeness of the experiences collected by 

comparing students’ affective states in two different weeks of the semester.

The comparisons that I made to support these four design goals are laid out in 

Table 2.1. In the right hand column I indicated which type of data was used in 

these comparisons.

2.1.1 State data collection design

In addition to self-efficacy I collected data for three complementary affective 

states: activation, intrinsic motivation and stress, which are defined in Table 2.2. 

As described earlier the complementary affective states provided validity for the 

self-efficacy states by comparing the expected relationships between each of the 

complementary states and self-efficacy states with those that actually arose. The 

relationship between self-efficacy and stress was expected to be negative. When self- 

efficacy is higher, stress should be lower because self-efficacy is a measure of personal 

skill and stress arises when skill does not meet the demands of the situation (Lazarus 

and Folkman, 1984). The relationship between self-efficacy and both activation and 

intrinsic motivation was expected to be positive. People are more likely to become 

activated when they feel efficacious (Bandura, 1997), and people are also more likely 

to internalize motivation for activities in which they feel efficacious (Ryan and Deci,

2000). The relationship between stress and intrinsic motivation was expected to be 

negative following from their respective expected relationships with self-efficacy. The 

relationship between stress and activation is more complicated. Moderate levels of 

stress are associated with greater attention and learning while very low and very high
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Table 2.2: Affective state construct definitions.

Construct Definition
Self-Efficacy Dynamically responsive judgments of one’s ability to organize and 

execute the courses of action required to produce given attainments 
in the activity at hand.

Activation An elevated level of excitement and involvement in the task, consis
tent with Thayer (1996) and in contrast to a relaxing state (Thayer, 
1967).

Intrinsic A drive to engage in the activity at hand, derived from within,
Motivation either because it is personally enjoyable or valuable, as opposed 

to extrinsic motivation, which is driven by external pressures or 
rewards (Deci et al., 1999; Csikszentmihalyi, 1975).

Stress Negative feelings resulting from an individual’s perception that 
they do not have the resources to cope with a perceived situation 
(Lazarus and Folkman, 1984).

levels of acute stress are associated with decreased attention and learning (Lupien 

et al., 2007). Therefore a positive relationship was expected between stress and 

activation. However, it was possible that no relationship or a negative relationship 

could have resulted from an extremely stressful environment. The three relationships 

between self-efficacy, activation and stress are complicated in that they are not 

consistently positive or consistently negative.

A design priority was collecting sufficient samples of student experiences to reli

ably compare students’ self-efficacy states in physics to those in other STEM courses 

for male and female students. Pilot studies showed that roughly 100 samples would 

be necessary for both male and female students in both the focal IE physics course 

and the other STEM courses in order to obtain a statistically reliable compari

son. Collecting sufficient samples necessitated collecting ESM data over two sepa

rate weeks, including as many students as possible and over sampling the focal IE 

physics course. I over sampled the focal IE physics course to ensure adequate sam

ples in physics since students spent less time there than in the broader categories of 

experience, for example their non-physics STEM courses.

25



www.manaraa.com

Having two weeks of data collection also allowed me to investigate the represen

tativeness of the experiences collected by investigating how similar the experience 

was in these two different weeks of instruction. To increase the range of course 

material that participants experienced, I selected weeks during the first and second 

half of the semester with six weeks between them. In order to keep the focus of the 

sampling on instruction, I selected the weeks so that no tests were taken or returned 

during these weeks, or during the week directly before or the week directly after the 

data collections.

2.2 Instrum entation, procedures and processing

2.2.1 The experience sam pling form

In general, the data collection instrument for ESM studies is a short survey that 

participants fill out when randomly signaled, or shortly after, about the activity 

they were engaged in at the moment of the signal. ESM studies typically refer to 

this instrument as the experience sampling form (ESF). I developed the ESF for 

this study modeled on those used in studies overviewed in Hektner et al. (2007). 

Each ESF was the single side of one standard-sized page split between the left and 

right halves, Figure 2.1. First the left section asked four free-response questions: 

(1) the main and (2) the secondary activities students were doing, (3) where they 

were and (4) what they were thinking about. I only used the first of these free 

response items, the main activity students were engaged in, for subsequent analysis 

because the research focused on how experience varied between different activities 

(e.g., different types of courses). Next, students answered a multiple-choice question 

assessing the autonomy they experienced in the activity, “Were you participating in 

the main activity because: you wanted to, you had to or you had nothing else to do? 

Circle all that apply.” I used this question to provide validity for interpreting the
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intrinsic-motivation state measure as being scaled from intrinsic to extrinsic as op

posed to being scaled from no intrinsic motivation to very high intrinsic motivation. 

Identifying this scale supported interpreting the relationship between intrinsic mo

tivation and self-efficacy. The last two questions on the left half inquired about who 

they were with (friends, classmates, teacher, etc.) and provided an area to describe 

any strong emotions they experienced. These two sections were not analyzed for 

this dissertation. The sections that I did not analyze were included in the ESF to 

mirror the ESF’s used in prior research, which will facilitate the comparison between 

the data collected in this research and data collected in other ESM studies. The 

right half of the ESF consisted of 20 Likert-scale questions on which participants 

indicated the type and level of affect they were experiencing at the moment they 

were signaled. These Likert-scale questions along with the main activity students 

were engaged in and their gender were the focus of my analysis of the state data.

2.2.2 State data collection procedures

Signals to fill out the ESF were sent to students’ cell phones as text messages. 

I scheduled signals semi-randomly across each day such that there was a signal 

once during each two-hour block between 8 am and 10 pm and all signals were 

greater than 30 minutes apart. A constraint on the schedule was that a signal 

was scheduled for every physics course meeting (two lectures, two recitations and 

one laboratory), resulting in a higher rate of sampling for physics than for other 

experiences. I collected data from throughout students’ daily lives so that physics 

and STEM courses would not appear to the participants to be treated differently 

than other activities.

I provided participants with a one-hour briefing on the data collection proce

dures. This briefing covered filling out the ESF, and participants completed one 

ESF for practice. I instructed participants to fill out the ESF as soon as possible
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Figure 2.1: The experience sampling form used in this study.
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after the signal and to fill it out no m atter how much time had passed. Participants 

dropped off the completed booklets periodically in a marked and locked box in the 

physics building.

2.2.3 State data processing

I entered the ESM data for both the third and tenth weeks of the semester into a 

spreadsheet database. Only participants who completed at least fifteen surveys were 

included in the data analysis because that is considered to be a minimum threshold 

for establishing student’s average experience when using the ESM (Hektner et al., 

2007). I entered all surveys into the spreadsheet, but I only analyzed surveys that 

were completed within fifteen minutes of the signal. This time limit is standard 

practice in ESM studies to ensure that the samples are random and to be consis

tent with the in-the-moment nature of the ESM (Hektner et al., 2007). I coded the 

responses to the open-ended question “W hat were you doing?” using the two-digit 

coding scheme presented in Table 2.3. The first digit of the coding scheme was used 

to indicate the primary activity type and the second digit was used to distinguish 

between course components for school activities. School activities included being 

in a course or doing work for a course outside of the normal course meeting times. 

Because the coding was low inference, a single researcher, myself, completed all cod

ing. I reduced the school activities to three approximately equal sized categories in 

order to maximize statistical power while providing a similar and a different activity 

to compare physics experiences to. The three school activities were: (1) non-STEM 

courses, which included a diverse range of courses such as English, anthropology, 

art, etc., (2) STEM courses, which excluded IE physics and primarily consisted of 

the introductory chemistry course for STEM majors, first semester calculus, and 

introductory engineering courses, and (3) the focal IE physics course. The process 

and results of this categorization are presented in Chapter 4.
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Table 2.3: Coding scheme for the activities students engaged in. The school activi
ties were coded with a secondary code for the course component.

Primary
Code

Activity Secondary
Code

Course Component

00 Blank
10 Non-School
2* STEM - Chemistry *1 Lecture
3* STEM - Calculus *2 Laboratory
4* STEM - Other *3 Recitation
5* Non-STEM Courses *4 Homework
9* IE Physics

I used SPSS 19 to run statistical analyses on the data. In order to use this pro

gram I built a spreadsheet of the key variables of interest. Initially the spreadsheet 

was structured with each case being a single ESF and included the participant’s 

identification number, gender and responses to each of the questions on the ESF. 

After I confirmed that the 20 Likert-items could be reduced to four affective con

structs using principle components analysis, which is detailed in Chapter 3, I cal

culated a raw score and a Z-score for each state construct (i.e., self-efficacy and the 

three complementary affective states). I calculated the raw scores by averaging the 

component questions on a 5-point, 0-4, ratio scale. I discuss my reasons for using 

Z-scores in the effect size section of this chapter. To create Z-scores I first converted 

the twenty Likert-scale affect questions to Z-scores based on a given participant’s 

mean and standard deviation for each question for a given week. Similar to the raw 

scores, I averaged the Z-scores for the component questions to get the Z-score for 

the affective state constructs.

2.2.4 Trait Instrum entation and data processing

I collected the bulk of the trait data using three different pre and post measures 

relying on standard survey instruments that were used by Kost et al. (2009a) and 

Kost-Smith (2011): physics self-efficacy traits (Kost-Smith, 2011), attitudes about
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learning physics (Adams et al., 2006), and conceptual knowledge (Thornton and 

Sokoloff, 1998). The three trait measures also measured sub-categories. However, I 

only used the overall scores for each of these instruments. Minimizing the number 

of variables used in the subsequent analysis made the results easier to understand 

and minimized the likelihood of spurious results.

I measured students’ self-efficacy traits in physics by adapting the twenty-one 

Likert-scale self-efficacy questions from the Physics Self-Efficacy and Identity Survey 

developed by Kost-Smith (2011). To adapt this survey I removed the sources of self- 

efficacy questions and the identity questions because they were not the focus of my 

investigation, and I was concerned about participant attrition if the instrument was 

too long. Therefore I truncated the name to Physics Self-Efficacy Survey (PSES). 

The PSES measures self-efficacy across four constructs, but only the overall self- 

efficacy score, which ranged from zero to four, was used in this study. This self- 

efficacy instrument has only been used in one prior study (Kost-Smith, 2011) and 

was the only instrument available that had been used in an IE physics course.

I measured student attitudes about learning physics with the Colorado Learning 

Attitudes about Science Survey (CLASS) (Adams et al., 2006), which has been 

used extensively. The CLASS measures eight separate categories of student beliefs 

compiled from student responses to 42 questions. Responses are coded as favorable, 

neutral, or unfavorable based on agreement with expert responses. Like the PSES, 

the CLASS is multidimensional, having eight sub-constructs of expert-like response, 

but it also allows for an aggregate score. I used only the overall favorable score in 

the present study.

I measured student conceptual knowledge in the focal IE physics course with the 

Force and Motion Conceptual Evaluation (FMCE) (Thornton and Sokoloff, 1998), 

which is a 47 question multiple-choice exam commonly used for this purpose. The
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FMCE was scored out of 37 points following the methods of Thornton et al. (2009) 

using a spreadsheet developed for that purpose (Wittmann, 2009).

A fourth comparative measure was course grades. I obtained course grades for 

the focal IE physics course from the instructor and analyzed them on a 4.0 scale, 

such that an A was 4.0 , an A- was 3.7, a B+ was 3.3, etc. This was the scale used 

at the institution and was the same scale used by Kost et al. (2009a).

2.2.5 Trait data collection procedures

Students completed the surveys for trait measurements during the first and last 

week of the course. The conceptual knowledge measurement (FMCE) was done 

during class. The FMCE was not graded, but it was a mandatory class activity for 

students in attendance. Students took the attitude and self-efficacy surveys (CLASS 

and PSES) outside of class via an online platform as a part of weekly homework 

assignments. Students received course credit equal to one homework problem for 

completing each survey. I obtained course grades from the instructor after the course 

had ended.

2.3 Approaches to  sampling

Due to the intensive nature of the ESM it is common to collect state data from a 

representative sample of participants in a given context, such as a course or a school, 

rather than taking data from all students. Using this approach, from a physics 

course of 242 students (222 students completed the course and are represented by 

the largest circle in Figure 2.2) I conducted the ESM with 33 ESM participants who 

participated in the first, second or both data collections. This number of participants 

was dictated by both the number of students who volunteered and the maximum 

number of participants allowed by resources. By contrast, trait data was much 

easier to collect, and I obtained complete sets of all seven trait measures from a
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■ Female
N=40

Figure 2.2: Diagram of the ESM participants and trait participants. * Eight male 
and five female ESM participants were not trait participants, two of the female ESM 
participants did not receive course grades. The shading distinguishes between male 
and female students in each population.

larger sample of 117 trait participants. Unfortunately, not all 33 ESM participants 

were part of the 117 trait participants (represented by overlapping populations in 

Figure 2.2).

I recruited ESM participants from their IE physics course through a brief an

nouncement during class describing the research as investigating students’ experi

ences in college. Students interested in participating submitted a slip of paper with 

their name and email. I contacted all students who submitted slips using a brief 

email message describing the research and directing them to an online form to sign 

up for a training session. All students over eighteen who desired to participate in 

the research were included, one student under eighteen years old was not included 

due to issues of informed consent. Participants were given a small amount of extra 

credit for the first week they participated in the ESM and a stipend of fifty USD
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for the second week they participated. No actions were taken to enlarge the pro

portion of women in the sample of ESM participants. However, I expected women 

to be over-represented given their over-representation in other studies in physics 

(Kost et al., 2009a; Kost-Smith, 2011). This turned out to be the case, and it was 

useful in providing sufficient samples to investigate gender differences in affective 

experience. As I will further discuss in Chapter 4 and Chapter 5, ESM participants 

over-represented high achieving students in the focal IE physics course. This is 

common in ESM studies (Hektner et al., 2007) and was also the case for the partici

pants in the research by Kost et al. (2009a) and Kost-Smith (2011), which provided 

important points of comparison for the present study.

2.3.1 Participants

Considering the ESM participants and trait participants as a sample of the course 

populations raised some complex issues. Figure 2.2 illustrates this complexity. Out 

of 242 students who started the course, 222 completed the course and received grades 

(the largest circle in Figure 2.2). Of the students who received grades 40 (18%) were 

female. Of the 20 students who dropped or withdrew from the course, 5 (25%)were 

female. Of the 117 trait participants, 90 were male and 27 (23%) female (middle 

sized circle in Figure 2.2). The ESM participants initially included 44 students 

who signed up for and completed the one-hour training. Of these 44 students, 2 

students did not follow the procedures correctly, and 9 students did not provide 

the minimum fifteen responses needed to be included in the analysis. This left 33 

ESM participants (the smallest circle in Figure 2.2). Of these, 20 were male and 13 

(39%) were female, as shown by the dark and light shading in the figure. 20 ESM 

participants were also trait participants, 12 male and 8 female. Among the 33 ESM 

participants 12 provided data during both data collections. Two of the female ESM 

participants withdrew from the course and did not receive final course grades.
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2.4 C ontext

The study took place at the University of Maine, a four-year public university 

located in the northeastern part of the United States. The university was the leading 

research university for the state and was a PhD-granting institution in many STEM 

fields.

The focal IE physics course met five times in total each week: twice for 50 min

utes of lecture with approximately 150 students, twice for 50 minutes of recitation 

with 24 students and once for 110 minutes of laboratory with 24 students. The 

instructor of the course was male and had thirty-five years of teaching experience. 

The data was collected during the fifth year the instructor taught this course. The 

course was modeled on IE physics courses described in Kost et al. (2009a). Almost 

all lectures used several conceptual multiple-choice questions embedded throughout 

the lecture (Mazur, 1997). Students answered these questions using a personal elec

tronic response system and discussed these questions with their neighbors (i.e., they 

answered clicker questions). The course instructor called on volunteers to explain 

their reasoning for their answers. Students earned a small portion of their final 

course grade, 3%, by participating in the clicker questions. Three mid-term exams 

and one final exam were given in the lecture portion of the course. There was a 

weekly homework assignment with a written and an online component. Homework 

and tests included both conceptual and calculation problems. In the two recita

tion sections students spent most of their time solving conceptual problems in small 

groups. One recitation per week made use of a standard set of tutorial lessons (Mc

Dermott and Shaffer, 2002). The other recitation used a mix of locally-generated 

conceptual and calculation physics problems. Each recitation and laboratory class 

was facilitated by a graduate teaching assistant (TA). An undergraduate learning 

assistant (LA) assisted the TA during each recitation. The LA’s had previously

35



www.manaraa.com

completed the course and were enrolled in a weekly seminar on pedagogy (Otero 

et al., 2010). The TA’s and LA’s met with the instructor of the course to go over 

the content and pedagogy used during recitation. These meetings emphasized the 

use of Socratic dialogue to support students in generating their own conceptual 

understanding in the activities in the recitation.

2.5 M ethods of data analysis

2.5.1 Identifying m eaningful and reliable differences: The three-step  

statistical process

When comparing means on a given measure (e.g., difference in mean self-efficacy 

state between physics and other STEM courses, or difference between men’s and 

women’s mean self-efficacy states) the first step I took was to directly compare the 

means of interest to identify if numerical differences existed. If mean differences 

existed I then used three standard steps to check for the statistical significance of 

the differences, which I refer to as the three-step statistical process. Not all of these 

steps were necessary for every comparison. In the first step I used an omnibus 

multivariate analysis of variance (MANOVA) to see if any statistically significant 

differences in means existed overall. This step was necessary whenever multiple 

dependent variables were being tested, such as all four affective constructs or all 

seven trait measures. If the MANOVA was statistically significant I used factorial 

univariate analysis of variance (ANOVA) to identify which dependent variables in 

the multivariate analysis were statistically significant for a main effect of each inde

pendent variable or an interaction effect between two or more independent variables. 

Lastly, I used post hoc tests to identify statistically significant differences between 

groups for each dependent variable. The last step I took when comparing means
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Table 2.4: Assumptions for the statistical tests.
MANOVA ANOVA T-Test
Sufficient and equal cell Sufficient and equal N/A
size group size

Multivariate normality Normal Normal

Absence of outliers Absence of outliers Absence of Outliers

Homogeneity of Variance- 
Covariance Matrices

Homogeneity of Variance N/A

Linearity N/A N/A

Lack of multicollinearity 
and singularity

N/A N/A

DV are continuous, IV are 
categorical

DV are continuous, IV is 
categorical

DV are continuous, IV is 
categorical

Independence of variables Independence of vari
ables

Independence of vari
ables

was to use Cohen’s d, histograms of the raw score responses, Z-scores of the affective 

constructs or some combination thereof to interpret the size of the differences.

2.5.1.1 A ssum ptions for the statistical tests

The practical issues and assumptions for each of the three steps in the statistical 

analyses are laid out in Table 2.4. These assumptions were tested for all of the 

statistical tests used in this dissertation and were all met with the exception of 

those that I discuss below.

In the case of the comparisons for the state data not all of the assumptions 

were met. The MANOVA’s met six of the eight assumptions but did not have 

equal cell size or homogeneity of variance-covariance matrices. The MANOVA is 

robust against these two violations separately but not concurrently (Tabachnick and
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Fidell, 2001). I used Box’s M test to determine homogeneity of variance covariance 

matrices was not met. However, this test is understood to be quite sensitive and 

potentially overly sensitive (Tabachnick and Fidell, 2001). Therefore, I inspected the 

variance-covariance matrices directly and determined that the cells with the most 

samples, which in this case were non-school activities, had larger variances and 

covariances than the smaller cells. This indicated that the lack of homogeneity was 

conservative for my purposes because dishomogeneity would tend to produce false 

negative results (Tabachnick and Fidell, 2001). Based on this evidence I concluded 

that the MANOVA could be used for statistical testing despite not meeting the 

assumption of homogeneity of variance-covariance matrices.

Similar to the MANOVA the ANOVA did not have equal group sizes or homo

geneity of variance. Like the MANOVA the ANOVA is robust to violating either 

of these assumptions independently but not concurrently (Tabachnick and Fidell,

2001). I used Levene’s test to check the homogeneity of variances and found that 

the variance was not homogenous for all four dependent variables (p < 0.05). Subse

quently I inspected the variances for each of the cells and found that the ratio of the 

variances between the cells ranged from 1.5 to 2.6. Thus, some of the data violated 

some of the rules of thumb for acceptable variance ratios; acceptable values vary 

from two (De Muth, 2014) to four (Durrheim and Tredoux, 2014). However, the 

variance was largest in the larger cells for self-efficacy, activation and motivation, 

but not for stress. This indicated that the lack of homogeneity was conservative 

for my purposes in these three tests because dishomogeneity would tend to produce 

false negative results. Since stress was a secondary focus and I could use consis

tency between the differences for all of the affective states to inform the results of 

the ANOVA’s, the possibility of spurious differences in stress did not preclude me 

from using the ANOVA. Based on this evidence I concluded that the ANOVA could
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be used for statistical testing despite not meeting the assumption of homogeneity of 

variance-covariance matrices or having equal group sizes.

Step three in the statistical analysis used Tamhane’s T2 test when comparing 

between activities or two-sided T-tests when comparisons were limited to two groups; 

examples include comparing men’s and women’s self-efficacy states in physics or 

comparing women’s self-efficacy states in physics to their self-efficacy states in other 

STEM courses. Tamhane’s T2 test was used because it is robust against violations 

of homogeneity of variance. In the case of two-sided T-tests when the variance 

between the two groups was not equal, as indicated by Levene’s test for inequality 

of variances, I used the results for the test not assuming equal variances.

2.5.2 Effect sizes

I used Cohen’s d, histograms of the raw score responses and Z-scores of the 

affective constructs to interpret the size of the differences in affective states. I used 

Cohen’s d because it is a common measure in comparing the distance between two 

groups, and it facilitates comparisons between studies. Cohen’s d measures the size 

of the difference between two groups in a normalized unitless measure scaled in terms 

of the pooled standard deviation of the two groups. Z-scores are a frequently used 

method in ESM studies (Hektner et al., 2007) to address differences in how individual 

participants used the scales. I used Z-scores of the affective states to situate students’ 

mean experiences in activities within their overall experience. I used histograms to 

identify differences in the actual distributions of students’ affective states.

To produce histograms I reduced the raw scores into four bins for each of the 

affective constructs. This reduction was non-standard in that both the very low 

and very high bins included both respective endpoints. Subsequently the bins were: 

very low [0,1], moderately low (1,2], moderately high (2,3) and very high [3,4], I
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used this non-standard binning to have the very low and very high bins span equal 

ranges since the most important differences would occur in those bins.

2.5.3 Confirming the structure of the affective sta te  constructs

I used Principle Components Analysis (PCA) to provide validity for the self- 

efficacy state construct by checking that the groupings of the Likert-scale questions 

for each of the affective state constructs matched the expected groupings for that 

construct. Constructs with groupings inconsistent with those that I expected could 

invalidate the affective state constructs. I used PCA because it is a common method 

of data reduction for multi-dimensional instruments and is often used in ESM studies 

(Hektner et a l, 2007). PCA is a method for identifying relationships within a set 

of individually correlated variables in order to identify coherent subsets of those 

variables that are relatively independent (Tabachnick and Fidell, 2001). In PCA the 

factors are calculated from the factor loadings that are output by the analysis as this 

maximizes the variance explained by the extracted factors. In this case I elected to 

average the variables within each factor rather than to calculate the factors based 

on the factor loadings from the PCA. Averaging the variables simplified the data 

analysis and facilitates the use of this ESF in future studies. Therefore, I referred 

to the extracted factors as affective constructs.

The most important and difficult choice in PCA is determining how many factors 

to extract. Several methods exist to select the number of components to extract and 

I opted for extracting factors with an eigenvalue greater than one as that indicated 

that the factor explained more variance than the average single item (Girden, 2014). 

PCA using eigenvalues greater than one extracted four factors. I also performed 

PCA with a forced extraction of five factors, the number expected based on the 

original design of the ESF, and determined that the four factor model found by 

including factors with eigenvalues greater than one more closely aligned with my
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expected model. As is common practice I used Varimax rotation to concentrate the 

factor loadings and to clearly identify which items loaded on each construct. Rotated 

matrix factor loadings greater than 0.25 were noted and loadings greater than 0.40 

were used to assign questions to individual factors. This accords with accepted PCA 

procedures in which factor loadings of 0.32 are considered a minimum for assigning 

items to factors (Tabachnick and Fidell, 2001).

The goal of the analysis was to investigate if the structure within the Likert-scale 

data was consistent with the expected theoretical groupings of the data. Therefore, 

I sought to show that the data set from the ESM met the assumptions of the PCA 

in order to support the strength of the interpretation. As is common practice I 

used the Kaiser-Meyer-Olkin statistic to determine the overall suitability of the 

data for PCA; results of my analysis exceeded the standard of 0.60 (Tabachnick and 

Fidell, 2001). I investigated the multivariate normality of the data, multivariate 

outliers and the linear relationships between the affective Likert-scale questions. 

Multivariate normality is the extension of a normal distribution into n-dimensional 

space. Testing of the multivariate normality was supported by testing the normality 

of the individual Likert-scale items on which the PCA was run and by testing the 

normality of the subsequent principle components that were generated based on 

the results of the PCA (Jackson, 2003). Normality of the individual questions was 

established using the rule of thumb that the skew and kurtosis both fell within the 

range -2 to 2. I used correlations between the items included in the PCA to verify 

linear relationships existed within the data. I used Mahalnobis distances to test 

for multivariate outliers. I did not remove multivariate outliers from the data set. 

Instead I confirmed that the results of the PCA were the same whether they were 

included or removed.

Cronbach’s Alpha is a measure of the reliability of a combination of variables. 

I have included it as a measure of the internal validity of the affective constructs
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because it is a simple measure that is commonly used and is easily interpreted. A 

useful rule of thumb is that scores greater than 0.70 are evidence of satisfactory 

internal consistency.

2.5.4 M easuring relationships betw een affective state constructs

There was a need to check the strength of the relationships between the different 

state and trait measures. I used bivariate correlations, partial correlations or both 

to measure the strength of these relationships. Bivariate correlation is a method 

of assessing the degree of relationship between two continuous variables (Tabach

nick and Fidell, 2001). Partial correlation is a method of determining the degree 

of relationship between two variables while taking into account the role of other 

variables (Tabachnick and Fidell, 2001). I used partial correlations to investigate 

the relationships between self-efficacy, activation and stress because I expected the 

positive relationship between stress and activation to conceal some of the strength of 

the positive relationship between self-efficacy and activation since self-efficacy and 

stress were negatively related.

2.5.5 Investigating the relationships betw een states and traits

In order to investigate the relationships between state and trait data I needed to 

check these relationships while controlling for other variables. Multiple linear regres

sion (MLR) allows investigating the relationships between one dependent variable 

and several independent variables. I used MLR to inform the strength of the relation

ships between students’ mean self-efficacy states in physics and their traits. MLR 

informed how the strengths of these relationships changed as other independent 

variables (traits) are added to the analysis. In using MLR I built multiple models of 

the dependent variable, which was always students’ mean self-efficacy states expe

rienced in the focal IE physics course. Each subsequent model included additional
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dependent variables with the first model only including gender. The relationships 

between the dependent variable and each independent variable are represented by 

the fik in Equation 2.1. Thus, in each model /% represented the intercept value and 

P i  represented the relationship between gender and mean self-efficacy states. Gender 

was a dummy variable with one for females and zero for males so that pi indicated 

how different females’ mean self-efficacy state experiences were than males’ mean 

self-efficacy states. The change in Pi between models provided a measure of how 

much of the gender difference in self-efficacy states was explained by the trait vari

ables. I also reported on the total variance explained by each model. Total variance 

explained is a measure of the information that the model provides and comparing 

total variance explained across the models informs the additional information that 

each independent variable adds to the model.

N

M ean S E  state = p0 + Pi x Gender +  ^ ^ P k  x VARk  (2.1)
k=2

A practical issue that arose in using MLR in this investigation was the structure 

of the trait and state data. Each participant in the study had, at most, one measure 

for each of the trait instruments at the beginning and again at the end of the course, 

but the number of experiences in physics they reported varied. Therefore in order 

to structure the data as one case for each individual I averaged each participant’s 

self-efficacy states in the focal IE physics course and these means were used in the 

MLR.

In using MLR I built several models to investigate the relationships of interest 

and determine how these relationships changed with the addition of other indepen

dent variables. The first step in building these models was to identify variables 

that correlated with the dependent variable but did not have excessively high cor
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relations with other independent variables. My first model included only the inde

pendent variable of greatest interest, gender, to determine the variance explained 

by gender alone and to determine the strength of the relationship between gender 

and mean self-efficacy states as indicated by the standardized and unstandardized 

betas. This model acted as a baseline against which the subsequent models were 

compared. Subsequently, I added the other independent variables of interest to the 

model, noting how the variance explained of the overall model shifted and how the 

betas for each independent variable shifted. I reported and interpreted both the 

corrected and uncorrected variance explained. The corrected variance explained 

takes into account the number of variables included in the analysis and provides an 

overall measure of how much information the model is providing. This correction 

comes at the cost of obscuring how much unique information the new variable is 

contributing in comparison to the variables in the previous models, which is more 

clearly illustrated by the uncorrected variance.

Several practical issues and assumptions for MLR impact interpreting the results 

of the analysis. These guidelines include:

• sufficient sample size,

•  absence of outliers,

•  absence of multicollinearity,

•  normality, linearity and homoscedasticity of residuals,

• independence of errors and

• outliers in the solution.

These guidelines were tested using the procedures recommended by Tabachnick 

and Fidell (2001) and were met with the exception of sufficient sample size. Sufficient
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Table 2.5: Statistical methods used in the dissertation.
Chapter Question Method

3 How strong and unique were the relationships between the core PCA
components of the self-efficacy state construct?

3 How closely did the relationships between the self-efficacy Cor
states and the complementary states match the expected re
lationships?

4 How different were self-efficacy states in physics compared to
in other STEM courses?

4 How representative were the ESM participants?
4 How different were the self-efficacy states experienced in the

components of the focal IE physics course?
5 How big were the gender differences for self-states in physics as

compared to those in other STEM courses?
5 How representative were the ESM participants when taking

gender into account?
5 How representative were the trait participants?
5 How large were the gender differences on the trait measures?
5 How similar were the means and gender differences in means

for the trait measures in the focal IE physics course to other 
IE physics courses?

6 W hat were the relationships between pre-course traits, gen- MLR
der and self-efficacy states experienced in the focal IE physics 
course?

sample size is not an assumption or requirement of MLR, but it is a guideline 

for minimizing the chance that the results are unreliable. Meeting this guideline, 

however, is not strictly necessary to employ MLR for investigating the relationships 

between variables (Berk, 2003). Even when sufficient samples are not available 

MLR is still useful for informing the relationships between the variables. Therefore, 

I have included the statistical significance of all betas, but I am more concerned 

with the size of the relationships, the shifts in the models and the overall statistical 

significance of the models.

3-Step

3-Step
3-Step

3-Step

3-Step

3-Step
3-Step
3-Step
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2.6 Questions and analyses used throughout the dissertation

In Table 2.5 I lay out the structure of the questions that were investigated in 

each of the results chapters in this dissertation and the methods that were used 

to investigate them. I used some of these methods infrequently such as principle 

components analysis, Cronbach’s alpha, multiple linear regression analysis and cor

relations. In contrast, I used the three-step statistical process, or components of it, 

to investigate several questions in Chapter 4 and Chapter 5.
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Chapter 3

IN TER N A L VALIDITY OF THE SELF-EFFICACY STATE

M EA SU RE

3.1 Introduction

My goal in this chapter is to establish a foundation of the validity of the self- 

efficacy state construct by investigating two forms of internal validity. These mea

sures of internal validity were available due to the multiple measurements the ESM 

captured during each experience. First, I used principle components analysis (PCA) 

to show that the component questions of the self-efficacy state measure grouped as 

expected and with sufficient strength and independence. Second, I used correlations 

to investigate if the relationships between self-efficacy states and the complementary 

states matched those expected in the theoretical framework. The following chapters 

of the dissertation also provide additional markers of internal and external validity 

of the self-efficacy state construct. I will discuss these markers in the conclusion of 

this chapter.

Secondary to this primary goal I also present analysis of the motivation state con

struct to demonstrate that it varied from extremely extrinsic to extremely intrinsic, 

as it was expected to, and not from none to extreme intrinsic motivation. Determin

ing how motivation varied informed the relationship between the self-efficacy state 

and the intrinsic motivation state measures and supported characterizing student 

experiences. For instance, it is different to find that low self-efficacy and low motiva

tion tended to occur concurrently as opposed to low self-efficacy and very extrinsic 

motivation tended to occur concurrently. The first case implies that in very low 

self-efficacy states students are not motivated. The second case, in contrast, implies 

that in very low self-efficacy states students draw on external sources of motivation.
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This second case implies that students have the capacity to overcome difficulties 

they encounter in the learning environment, while the first case portrays students 

as unable to find motivation in challenging situations.

3.1.1 There is a need for a dynam ic measure o f self-efficacy

“Efficacy beliefs should be measured in terms of particularized judgments of capa

bility that may vary across realms of activity, under different levels of task demands 

within a given domain and under different situational circumstances.” (Bandura, 

1997, p. 42). In this statement Bandura describes self-efficacy as a highly dynamic 

construct that can vary across domains, challenges and circumstances. These charac

teristics demand a highly dynamic method of measuring self-efficacy that can assess 

how self-efficacy is affected by each of these variables. Bandura further proposed 

that self-efficacy is a causal force and key factor in human agency (Bandura, 1997, 

p. 3) and findings support this causal relationship in terms of cognitive outcomes 

(Bouffard-Bouchard, 1990) and interest and choice in science majors (Luzzo et al., 

1999). Self-efficacy, however, is not the only factor in human agency and acts in 

concert with many other latent variables.

An example of work attempting to link the dynamics of self-efficacy to other 

affective constructs is that of Bledow (2013). Bledow (2013) proposed that self- 

efficacy is the “tip of the iceberg” of a broader set of self-regulatory processes that in

cludes conscious and subconscious processes he calls self-motivation. Bledow (2013, 

p. 15) claims, “...a positive rate of change in task specific self-efficacy indicates self- 

motivation.” and is “...inseparably linked to an opponent process, the oscillating 

perception of demands.” Investigating the role that changes in individual’s self- 

efficacy beliefs have on their actions and feelings requires a measure of self-efficacy 

state dynamics.
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To test Bledow’s claims the dynamic measure must be able to capture self-efficacy 

in every day activities across a much longer time scale than those possible in lab

oratory studies. The self-efficacy state measure introduced in this dissertation has 

these capabilities. It can measure the dynamics of self-efficacy throughout daily life 

and across time in a specific domain. Of equal importance the ESM can concur

rently capture the experience of other affective states such as motivation. These 

characteristics of the ESM and the self-efficacy state construct raise the possibility 

of future research investigating Bledow’s ideas.

3.1.2 D esigning the self-efficacy state measure

The survey utilized in ESM studies is called the Experience Sampling Form 

(ESF). Hektner, Schmidt and Csikszentmihaly (2007) provide an overview of con

structs and their component questions used in prior ESM studies in both education 

and non-education settings. This overview acted as the starting point for the de

sign of the ESF. In addition to self-efficacy, four complementary constructs were 

designed to be on the ESF. I discussed four of these five constructs, self-efficacy, 

activation, intrinsic motivation and stress, in Chapter 2. The fifth construct was 

cognitive efficiency, the depth and difficulty of concentration. I did not discuss it 

earlier because, as I will discuss, results indicated that cognitive efficiency did not 

form a unique construct. The expected components of these constructs are laid out 

in Table 3.1.

3.2 Research questions

The central question I sought to answer in this chapter was the extent to which 

the ESM could be used to measure self-efficacy states. In order to answer this ques

tion I asked two research questions to investigate if the self-efficacy state measure
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Table 3.1: Expected and actual components of the affective constructs. DifCon is 
a measure of difficulty concentrating from hard to easy. Clarity is a measure from 
clear to confused

Construct Expected Components Actual Components
Self-Efficacy Skill, Control, Success Skill, Control, Success, Dif

Con , Clarity

Activation Determined, Active, Atten- Determined, Active, Atten
tive, Alert, Inspired, Chal- tive, Alert, Inspired, De- 
lenge tached/Involved, Concentrat

ing

Intrinsic Motiva Free/Constrained, Enjoy, Ex- Free/Constrained, Enjoy, Ex
tion cited/Bored, Importance De- cited/Bored, Importance 

tached/Involved

Stress Stress, Worry, Frustration Stress, Worry, Frustration

Cognitive Effi Concentrating, DifCon, Clar
ciency ity

was consistent with the literature on self-efficacy both by the component questions 

that formed it and by its relationship to the other affective states.

1. To what extent did the three primary component questions (skill, control and 

success) form a strong and independent self-efficacy state construct?

2. To what extent did the relationships between this self-efficacy state and the 

three complementary affective states match those described in the theoretical 

framework?

Together these two questions can show that the self-efficacy state measure was con

sistent with the current understanding of self-efficacy in terms of both what it was 

composed of and how it related to the other affective constructs. This provides a 

robust first step in demonstrating the validity of the self-efficacy state measure.
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3.3 D esign o f the analysis

I designed the analysis presented in this chapter to reduce the data to the self- 

efficacy state construct and the three complementary affective state constructs and 

to provide internal validity for these constructs. I reduced the data to these four 

constructs using principle components analysis (PCA) as described in Chapter 2. 

Results of the PCA tested the internal validity of the self-efficacy state construct.

Once the four affective constructs were confirmed and calculated I investigated 

the correlations between the four affective constructs to further investigate the va

lidity of the self-efficacy state construct as described in Chapter 2.

I used an additional question on the ESF regarding student autonomy to de

termine if intrinsic motivation varied from intrinsic to extrinsic. The autonomy 

question identified if experiences were intrinsically motivated in that students were 

doing them because they “wanted to” or if they were extrinsieally motivated in that 

students were doing them because they “had to”. Thus, I expected that extrinsic 

motivation would occur more frequently in the situations students felt they “had to” 

do and intrinsic motivation would occur more frequently when students “wanted to” 

do the activity.

3.3.1 Procedures

The procedures for investigating the internal validity of the self-efficacy state 

measure are described in Chapter 2. In this section I present the procedures and 

results of the investigation to confirm that the motivation state varied from extrinsic 

to intrinsic. I include these results here as this analysis was a secondary analysis to 

support the analyses of the self-efficacy state constructs internal validity.

I investigated the differences in motivation states between autonomy conditions 

by comparing the means and histogram distributions for the four autonomy con-
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Table 3.2: Motivation versus autonomy.

Autonomy
Condition

Motivation
Total
Count

Mean S.D.Very
Extrinsic

Moderate
Extrinsic

Moderate
Intrinsic

Very
Intrinsic

Neither 2% 22% 46% 30% 87 2.56 0.76
Wanted To 1% 10% 38% 51% 643 2.91 0.72
Had To 24% 56% 17% 3% 577 1.49 0.67
Both 4% 32% 53% 11% 133 2.14 0.65
Total 11% 31% 32% 27% 1440 2.25 0.96

ditions: wanted to, had to, neither or both. I tested the statistical significance of 

differences in the means using the ANOVA and Tamhane’s T2 test as described in 

Chapter 2.

The numerical value for motivation was greatest in the “wanted to” condition and 

lowest in the “had to” condition with the difference being very large in terms of both 

the total scale, 0 to 4, and the standard deviations, Table 3.2. The distributions 

of motivation states show that the majority of “had to” experiences were extrinsic 

while the majority of “wanted to” experiences were intrinsic. The “neither” condition 

and “both” condition were primarily experienced with intrinsic motivation, but they 

were less skewed than the “wanted to” condition.

I investigated the reliability of the differences in motivation states between the 

four autonomy conditions using an ANOVA. Results of the ANOVA indicated that 

there was a statistically significant difference F(3,1436)=431.5, p<0.001. Post hoc 

analysis using Tamhane’s T2 revealed that all two-way comparisons were statistically 

significant (p<0.001).

The large and reliable difference in motivation states between the “had to” and 

the “wanted to” conditions was consistent with interpreting the motivation state as 

varying from extrinsic to intrinsic. The distributions of the conditions indicated 

that the midpoint of the scale was an acceptable point for differentiating between 

intrinsic and extrinsic motivation. The vast majority of experiences having either
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been “had to” or “wanted to” also supported using a bi-polar scale rather than two 

distinct unipolar scales as this indicated that intrinsic and extrinsic motivation were 

seldom experienced concurrently.

3.4 R esults

3.4.1 Investigating if skill, control and success formed a unique and 

strong self-efficacy state construct

Principle components analysis (PCA) with Varimax rotation was used to clearly 

identify which variables loaded on each construct. PCA found four factors with 

an eigenvalue greater than 1. I compared these results to a forced extraction of 

five factors, the number expected based on the design of the ESF, and determined 

that the four factor model more closely aligned with the theorized model. Rotated 

matrix factor loadings greater than 0.25 were noted and loadings greater than 0.40 

were used to assign questions to individual factors.

In the first step all data for the 20 Likert-scale questions were included in the 

analysis. This revealed that the question “How challenging was the activity?” loaded 

on all four factors greater than 0.250 and I subsequently removed it from the analysis 

because it could not be readily identified with any single factor. I reran the PCA on 

the remaining 19 questions with no noteworthy differences and results for those 19 

questions are shown in Table 3.3. All 19 questions had acceptable levels of variance 

explained by the model and were included in calculating the four affective constructs.

These four constructs explained 58.5% of the variance in the data as shown in 

Table 3.3. Based on the design of the research I named these factors activation, 

self-efficacy, stress and intrinsic motivation. Throughout the dissertation I refer to 

these factors as constructs because I used the average of the component questions 

to calculate the value for each construct as opposed to using the factor loadings. I
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discussed this decision in the PCA section in Chapter 2. Analysis did not identify 

the expected factor for cognitive efficiency; its expected components (Table 3.1) 

were split between activation and self-efficacy as shown in Table 3.3. 1 judged it 

as reasonable for students’ experiences of self-efficacy to have been tied to their 

cognitive efficiency as they were largely engaged in and judged on their thinking.

Factor loadings for skill, control and success were all very good or excellent on 

the self-efficacy state construct and none of these component questions had factor 

loadings greater than 0.250 on any other factor. Factor loadings for other questions 

were straightforward to judge except for three questions: clarity, bored and enjoy, all 

of which loaded greater than 0.4 on two constructs. I expected some cross loading to 

occur as I designed the survey to include factors that were interrelated. I included 

clarity in the self-efficacy construct because I designed it to go with concentration 

difficulty, though it makes sense that clarity, which is a measure of confusion, would 

be related to the level of stress students experienced. I included bored in the intrinsic 

motivation construct because it loaded more heavily on that factor than on the 

activation factor. 1 included enjoy in the intrinsic motivation construct because it 

loaded more heavily on that construct and because it is more directly applicable 

to my definition of intrinsic motivation than to self-efficacy. One other individual 

question, detached/involved, loaded differently than expected based on the design 

of the ESF and results from the pilot study data. I expected detached/involved to 

align with the intrinsic motivation construct. Instead it aligned with the activation 

construct. 1 am unsure of why this occurred, but it is reasonable for this question 

to align with either of these categories. 1 also ran PCA on subsets of the data to 

compare the constructs for male and female participants and to compare constructs 

in school versus non-school activities. The PCA for these subsets aligned with the 

analysis presented here.
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Table 3.3: Principle components analysis results.
Likert-Scale
Question

Normalized
Variance

Explained
Factor Loadings

Activation Self-Efficacy Stress Motivation
Determined 0.55 0.67 0.27
Active 0.46 0.59
Attentive 0.64 0.80
Inspired 0.36 0.56
Alert 0.60 0.77
Involved 0.57 0.73
Concentration 0.63 0.75
Clarity 0.50 0.52 -0.41
ConDif 0.45 0.51 -0.30
Skill 0.64 0.79
Control 0.50 0.68
Success 0.70 0.82
Frustrated 0.65 0.31 0.71
Stressed 0.76 0.83
Worried 0.66 0.80
Constrained 0.57 -0.28 0.27 0.65
Bored 0.65 -0.44 0.64
Enjoy 0.65 0.26 0.49 0.57
Importance 0.58 0.26 0.71

Total Variance Explained (%)
58.5 25.6 20.2 6.6 

Cronbach’s Alpha
6.1

0.87 0.76 0.79 0.70

Cronbach’s alpha was satisfactory for each construct and indicated that each 

construct was made up of consistent questions, Table 3.3.

3.4.2 R elationships between the self-efficacy state construct and the  

com plem entary affective states

I used correlations to measure the relationships between the four affective con

structs. These correlations, presented in Table 3.4, confirmed the relationships that 

were expected and were all statistically significant with p<0.01. The strongest
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Table 3.4: Correlations and partial correlations between the four affective state 
constructs. Right of the slash are partial correlations. The control for SE and Mot 
was Stress, the control for stress was SE. All correlations and partial correlations 
were statistically significant (p<0.01).

Self-Efficacy Stress Motivation
Activation 0.16/0.28 0.15/0.28 0.14/0.23
Self-Efficacy -0.52 0.54
Stress -0.41

correlations were the positive relationship between self-efficacy and intrinsic moti

vation and the negative relationship between self-efficacy and stress. Activation was 

very weakly related to the other constructs. I expected that this was a result of 

the complex relationships between stress, self-efficacy and activation. Therefore, I 

used partial correlation analysis to determine the relationship between each of the 

other affective constructs and activation while controlling for the effects of the other 

constructs. I analyzed the partial correlation between stress and activation while 

controlling for self-efficacy. This partial correlation was much higher than the bivari- 

ate correlate, 0.28 versus 0.15, and is presented in Table 3.4. All partial correlates 

were statistically significant at the p<0.01 level. I analyzed the partial correlations 

between activation and self-efficacy and between activation and intrinsic motivation 

while controlling for stress and both of the partial correlations were much higher 

than the bivariate correlations were, Table 3.4. This indicates that there were two 

distinct times in which activation was heightened during instruction and life in gen

eral. Activation was higher when students’ sense of efficacy or intrinsic motivation 

or both were heightened or in the opposing scenario when students experienced 

heightened levels of stress.
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3.5 D iscussion

Skill, control and success, which are central attributes of self-efficacy, all loaded 

on the self-efficacy state construct with very good or excellent factor loadings. The 

other questions that loaded on the self-efficacy construct all did so in a manner that 

was consistent in that higher self-efficacy was associated with greater enjoyment, less 

frustration, easier concentration and greater clarity. The consistency and strength 

of the self-efficacy state construct provides strong evidence for the ability of the 

ESM to measure self-efficacy states directly in the activity at hand.

Similarly, the relationships between self-efficacy and the complementary affective 

states matched those expected. Stress was negatively related to self-efficacy, which 

was consistent with their opposing relationships to ability. Stress arises when ability 

is lacking and self-efficacy arises when ability is perceived to be sufficient for the task 

at hand. Intrinsic motivation was positively related to self-efficacy, which follows 

from activities that were more efficacious being more intrinsically motivated and less 

efficacious activities being more extrinsically motivated. Once the opposing effect 

of stress was taken into account the relationship between self-efficacy and activation 

was positive, but small, and indicated a greater level of activation in those activities 

that participants felt skillful in. These relationships all matched those expected 

and indicate that the self-efficacy state construct aligned with self-efficacy in its 

relationship to other affective states.

That these measures of internal validity were consistent is a strong indication 

that the self-efficacy construct is a reliable and distinct measure of the efficacy that 

students experienced in activities throughout their daily lives. I did not expect two 

of the three cognitive efficiency questions to load on to the self-efficacy construct. 

However, both difficulty in thinking and clarity of thought logically align with the 

three primary questions. Both can be interpreted as extensions of skill and success,
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particularly for students who are frequently engaged in activities explicitly designed 

to stimulate thinking and who are judged on their ability to think. Based on this 

logic and the results of the PCA I decided to include these two cognitive efficiency 

questions in the self-efficacy state construct. It is possible, however, that other 

populations may not have similarly strong relationships between their cognition 

and their self-efficacy.

3.6 Conclusion

The strong and unique loading of skill, control and success on the self-efficacy 

state construct along with the relationships between the self-efficacy state construct 

and the complementary state constructs matching the expected relationships provide 

a strong foundation of validity that I will continue to build upon in the following 

chapters. Additional evidence will focus on further indicators of internal validity 

between self-efficacy and the complementary states and external validity between 

self-efficacy states and traits. The relationships between the self-efficacy state mea

sure and the complementary state measures should also show up in how different 

activities were experienced. Activities experienced with greater self-efficacy should 

have also been experienced with greater activation, more intrinsic motivation and 

less stress. This argument also follows for populations of students. If male students 

experience an activity with greater self-efficacy than female students they should 

also experience greater activation, more intrinsic motivation and less stress. I used 

a similar argument to check the relationship between self-efficacy states and traits. 

If women had more negative shifts in their self-efficacy traits from pre to post in

struction in the focal IE physics course then they should also have experienced much 

lower self-efficacy states during instruction.
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Further support for the validity and generalizability of the self-efficacy state 

construct can be achieved by confirming the indicators of internal validity that I 

presented in this chapter for other populations such as younger students and espe

cially non-students. Here I found that cognition was a part of students’ self-efficacy 

states, but this may not generalize to other populations given that the participants 

in the study were high achieving students in college STEM courses. This broad 

base of validity could be achieved without any additional data collection, as some 

extensive ESM data sets are available for researchers to analyze. Further, analyzing 

these data collections from the perspective of self-efficacy could elaborate on the 

research here. In particular the Sloan Survey of Youth and Social Development, 

described in Chapter 1, could be used to investigate if there was a gender difference 

in self-efficacy states experienced during physics learning for secondary students.
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Chapter 4

SELF-EFFICACY STATES IN PHYSICS

Increasing the number and diversity of students who enter and remain in the 

STEM education pipeline is an important goal in the United States and in many 

developed countries (National Commission on Mathematics and Science Teaching, 

2000; Osborne, J. and Dillon, J., 2008). Attainment of this goal depends on positive 

learning outcomes for diverse students in K-16 STEM education. One important 

and often overlooked class of outcome is student’s development of coherent affec

tive traits, such as their attitudes about learning science or their self-efficacy traits. 

The development of these affective traits is a core goal of science education (Redish 

et al., 1998; Brewe et al., 2009) because it supports students in pursuing their STEM 

education and their future STEM careers. Survey-based studies in STEM have mea

sured the mediating effect on student achievement for interest (Roller et al., 2001), 

motivation (Singh et al., 2002; Mujtaba and Reiss, 2013), more general attitudes 

and beliefs (Perkins et al., 2004; Madsen et al., 2015) and self-efficacy traits (Lee, 

2009; Marra and Bogue, 2009; Cheiners et al., 2001).

The relationships between affect and student achievement are also well estab

lished for self-efficacy in physics learning, which is the focus of this study. Kost- 

Smith (2011) found that self-efficacy traits correlated with students’ test grades in 

an introductory physics course. Sawtelle et al. (2012b) found that self-efficacy traits 

predicted students passing introductory physics courses.

In addition to studies showing that self-efficacy traits predict student attainments 

in educational settings, experimental design studies have shown causal relationships 

between self-efficacy and both immediate cognitive performance and long term career 

interest. Using an experimental design providing students with bogus feedback
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to either increase, decrease or neutrally impact students’ self-efficacy, Bouffard- 

Bouchard (1990) found that increasing students’ self-efficacy caused students to set 

higher standards for themselves, use more efficient strategies and achieve greater 

intellectual performance. Using an experimental design to increase students’ self- 

efficacy traits, Luzzo et al. (1999) found that increasing students’ self-efficacy traits 

increased students’ interest in pursuing science and mathematics careers.

Despite the importance of self-efficacy for student performance and persistence in 

STEM education, in my review of the literature I found no studies reporting positive 

shifts in students’ physics self-efficacy. Instead, I found that most of the studies 

in physics described negative shifts in physics self-efficacy traits, but no studies 

described negative shifts in self-efficacy traits for other STEM courses. Self-efficacy 

traits consistently decreased from pre to post instruction in both research-based 

physics courses and traditional physics courses (Kost-Smith, 2011; Sawtelle et al., 

2010; Lindstrom and Sharma, 2011). The best outcomes I found were no changes in 

self-efficacy traits in a research-based course for majors (Sawtelle et al., 2010) and 

an inquiry-based course for non-majors (Cavallo et al., 2004). By comparison, in 

introductory chemistry courses (Dalgety and Coll, 2006; Villafane et al., 2014; Ferrell 

and Barbera, 2015), an introductory algebra course (Brewer, 2009) and introductory 

biology courses for non-majors (Lawson et al., 2007; Roster, 2006) students’ self- 

efficacy traits increased from pre to post instruction. This comparison is both limited 

and strengthened by the diversity of these studies. It is limited because in the studies 

of physics and in the studies of other STEM courses both the type of instruction 

and the instruments to measure self-efficacy were highly varied. Some of the studies 

were for courses with traditional instruction while others studied research-based 

courses; some of the studies were in courses for majors and others for non-majors. 

In some of the studies the self-efficacy measure was a part of the instrument; in 

other studies the entire instrument solely measured self-efficacy. These differences
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make it difficult to reliably compare the effects of the courses subject matter on 

self-efficacy. The differences between these studies leaves the possibility open that 

there is some broad negative impact on students’ self-efficacy that is common in 

introductory college STEM courses for STEM majors. However, the diversity of 

these studies strengthens the comparison of the effect of physics instruction on self- 

efficacy to the effect of other STEM courses in that there was a consistently negative 

or neutral shift in self-efficacy traits in physics and a consistently positive shift in 

other STEM courses for a wide range of course types.

The more negative shifts in self-efficacy in physics motivates the central focus of 

this investigation, which is to investigate the extent to which the focal IE physics 

course caused negative impacts on students’ self-efficacy traits. Tying the shift in 

self-efficacy traits in physics to the experience of learning physics follows from the 

central assumption I make in this dissertation that self-efficacy traits in a domain 

are, to some extent, a collection of the experiences that students have in that domain, 

which I described in Chapter 1. Prior research on self-efficacy in physics has not been 

able to address this central question because it (Kost-Smith, 2011; Sawtelle et al., 

2010; Lindstrom and Sharma, 2011; Cavallo et al., 2004), like most research on self- 

efficacy (Sawtelle et al., 2012a), has not directly measured self-efficacy in the process 

of learning. Therefore the prior research has not addressed the possibility that the 

negative shift is caused by experiences outside of the learning process. The one 

investigation that did measure self-efficacy in the process of learning (Sawtelle et al., 

2012a) was not designed to show causal relationships. Furthermore, these studies on 

self-efficacy in physics have only investigated self-efficacy in physics courses, leaving 

open the possibility that the negative shift in physics is an epiphenomenon of a 

larger trend in introductory college STEM courses.

Further, looking at the effects of courses on students’ affective traits through 

the perspective of experiences is a paradigm shift that can support educators to
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improve student outcomes. The retrospective trait measures that are commonly 

used to investigate self-efficacy and other affective traits situate the effect within the 

individual since traits, by their definition, belong to and reside within the individual. 

Because traits are so personal, educators may feel that they have little power to 

influence something that resides so seemingly wholly within the individual. This 

discomfort of educators confronted with affect may in part explain why Pintrich 

et al. (1993) found it necessary to explain that affect and cognition are inherently 

interlinked and it may also, in part, explain why affect has received so little attention 

in college settings (Pekrun and Stephens, 2010). States, in contrast, situates the 

effect as arising between the environment and the individual. This shifts the focus 

of affect from seemingly wholly within the individual to, at least in part, arising 

in response to the learning environment. Creating and maintaining the learning 

environment is well within the scope of educators’ responsibilities. Thus, focusing 

on the role of the environment in students’ affect may empower educators to make 

changes to the learning environment for the explicit purpose of improving students’ 

affective outcomes.

4.1 Purpose o f the research

Given the central focus just outlined, the purpose of this chapter was to inves

tigate if the self-efficacy states students experienced in the focal IE physics course 

were much lower than those they experienced in other STEM courses. This difference 

would be consistent with physics instruction harming students’ self-efficacy traits 

and other STEM courses supporting students’ self-efficacy traits. Furthermore, this 

difference would locate that harm within the physics-learning environment. The 

self-efficacy states in the focal IE physics course being different than those in other 

STEM courses would also be evidence against the negative effect of physics instruc
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tion on self-efficacy traits being an epiphenomenon of a larger trend throughout 

introductory STEM instruction.

4.2 Research Q uestions

Negative shifts in self-efficacy traits are consistently measured from pre to post 

instruction in introductory physics courses, but positive shifts are consistently mea

sured in other introductory STEM courses. And, as I will further describe in Chapter 

5, there were negative shifts in students’ physics self-efficacy traits in the focal IE 

physics course. Assuming self-efficacy traits in a domain develop in response to stu

dents’ experiences in that domain, these negative shifts in physics, and only physics, 

indicate that self-efficacy states in physics were likely much lower than those experi

enced in other STEM courses. This possibility forms the basis the central question 

that I sought to answer in this chapter, which was the extent to which the nega

tive shift in students’ self-efficacy traits in physics was caused by their experiences 

learning physics. To answer this central question I asked two research questions. 

The first compared self-efficacy states between IE physics and other STEM courses. 

The second compared self-efficacy states between the different components of the 

IE physics course. I report on each in turn.

1) To what extent was the focal IE physics course experienced with lower self- 

efficacy than other STEM courses?

If students experienced much lower self-efficacy states in the focal IE physics 

course than in their other STEM courses this would locate the negative effect on 

students’ self-efficacy within the process of learning physics. Furthermore, lower self- 

efficacy states in physics than in other STEM courses would be evidence against the 

negative effect on students’ self-efficacy traits in physics being an epiphenomenon 

of a larger trend.
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In order to further understand the experience in the focal IE physics course 

I also investigated the extent to which the experience varied across the different 

components of the focal IE physics course: lecture, lab, recitation and homework. 

I reasoned that if the components were all experienced similarly then this would 

indicate that some characteristic that they all shared in common, such as the physics 

content, the IE pedagogy or both, was potentially the cause of any differences in how 

the focal IE physics course was experienced. If, in contrast, some components were 

experienced with lower self-efficacy than others, the list of potential causes would 

be narrowed to specific aspects of course components where the effect occurred, 

such as lab work, tutorials or answering clicker questions. Therefore, to further 

investigate the potential causes of any difference in how the focal IE physics course 

was experienced I asked:

2) How different were students’ self-efficacy states in the four components of the 

focal IE physics course?

4.3 D esigning the research to  make com parisons, check reliability and 

test representativeness

Chapter 2 describes how I collected 1440 measures of self-efficacy state and 

the three complementary states from 33 students throughout their daily lives for 

two different weeks. This allowed me to investigate the first research question by 

comparing self-efficacy experiences in the focal IE physics course to the self-efficacy 

experiences in other STEM courses. Following from the design laid out in Chapter 2, 

I also designed the research to check the reliability of any differences in self-efficacy 

states that were measured and to check the representativeness of the self-efficacy 

states that were measured. This overall design structure is laid out in Figure 4.1.
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Central Comparison
Self-Efficacy S ta tes 

Focal IE Physics course Vs o th e r  STEM courses

• Variability across IE physics course components 
Benchmark comparison of school vs non-school

• Multiple measures of effect size

t t
Reliability Representativeness

• Complementary affective states Participants
• Stress • Course
• Intrinsic Motivation • Data collection periods
• Activation

Figure 4.1: The structure of the design of the research. The primary design focus 
was making and informing the central comparison. I also designed the research to 
provide checks for the reliability of any differences found in the central comparison 
and the representativeness of any differences measured as part of a broader trend in 
IE physics instruction.

The central comparison of the research, comparing self-efficacy states in the focal 

IE physics course to those in other STEM courses, allowed me to investigate if the 

cause of the negative shift in self-efficacy traits that is commonly found in physics 

courses lies within the experience of learning physics. I designed the research to 

support interpreting the size of any differences found in the central comparison by 

using differences in self-efficacy states between school and non-school activities as 

a benchmark for very large differences. I reasoned that school and non-school were 

more different than any school activities would be and that this difference would act 

as a benchmark for very large differences. In addition to comparing the differences 

in the means I also compared the frequency of extreme self-efficacy states, i.e. very
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high and very low states. I made this comparison because I reasoned that these 

extremes of experience were much more likely to impact students’ self-efficacy traits 

than more moderate experiences were.

To identify potential sources of low self-efficacy states in the focal IE physics 

course I compared self-efficacy states across the four components of the focal IE 

physics course (lab, lecture, recitation and homework). I checked the reliability of 

any differences in self-efficacy states that I found in either of these comparisons 

using the three complementary affective states as detailed in Chapter 2. Large 

differences in self-efficacy states should have had corresponding differences in stress 

and intrinsic motivation.

I investigated the representativeness of the samples of self-efficacy state experi

ences in three distinct ways in order to evaluate the extent to which any findings in 

the focal IE physics course could be generalized to other IE physics courses, as de

tailed in Chapter 2. First, I compared the ESM participants to the non-participants 

using their course grades. Second, I compared the affective states in the two dif

ferent weeks of data collection to each other. Third, I compared students pre and 

post course traits in the focal IE physics course to those in other IE physics courses 

investigated by Kost et al. (2009b) and Kost-Smith (2011). The results of this last 

comparison are presented and discussed in Chapter 5.

An overall design goal of this research was to investigate the validity of the self- 

efficacy state construct. I did this in Chapter 3 through principle components anal

ysis and the relationships between self-efficacy states and the three complementary 

states. In this chapter I report on the three complementary states when comparing 

means between activities in order to investigate the extent to which differences in 

the means for the complementary states were consistent with the differences in the 

means for the self-efficacy states.
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4.4 Procedures o f Analysis

The statistical analyses and other methods used in this chapter are described in 

detail in Chapter 2. All assumptions for these analyses were tested and met with 

the exception of those described in Chapter 2.

4.4.1 Central com parison, supporting comparisons and evidence of 

validity for these comparisons

To make the central comparison of self-efficacy states in the focal IE physics 

course to those in other STEM courses I first compared the means for self-efficacy 

states in these two activities to identify if differences existed. I then used the three- 

step statistical process (MANOVA, ANOVA, Tamhane’s T2) to determine if these 

differences were reliable. The three-step statistical process is described in Chapter 2. 

In using this process I tested the differences for all four affective constructs across 

all four activities. This process allowed me to test the reliability of: the central 

comparison for the self-efficacy states, the validity comparisons for the complemen

tary states and the benchmark comparisons for school versus non-school, with the 

minimal amount of statistical analysis. I used means, Cohen’s d and histograms to 

characterize the size of the differences in these comparisons, as described in Chapter

2. I compared the difference in self-efficacy states between physics and other STEM 

courses to the difference between school and non-school activities because the latter 

comparison acted as a benchmark for large differences.

I compared the means for each of the four affective states in each component 

of the focal IE physics course to identify how large the differences in experience 

between the course components were. I used the three-step statistical process to 

identify if any reliable differences existed in how the physics course components
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Figure 4.2: ESM data for all participants in all four activities for all four affective 
states.

were experienced. I tested all four affective state constructs to test the validity of 

any differences in self-efficacy states that I found.

4.4.2 Self-efficacy in school and non-school activities

I used means, Cohen’s d and histograms to investigate the size of the differences 

for self-efficacy states between school and non-school activities. I used means and 

Cohen’s d to describe the size of the differences for the three complementary states 

in the results section as a check on the the validity of the self-efficacy state construct.

The size of the difference in self-efficacy states between school and non-school 

activities acted as a benchmark for very large differences in self-efficacy states. Stu

dents’ self-efficacy states were lower in school (2.19) than in non-school activities 

(2.86), Figure 4.2. This numerical difference in self-efficacy states between school 

and non-school was the second largest of the four affective state constructs (0.67). 

The lower self-efficacy in school was consistent with school being experienced pri-
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Figure 4.3: Distributions of self-efficacy states in school and non-school activities.

marily with extrinsic motivation and with greater stress than non-school activities. 

The 0.67 difference in the means between the self-efficacy states in school and non

school was a large effect size, ri-- 0.75. This large difference supports my use of the 

difference between school and non-school as a benchmark for large differences in 

self-efficacy states. The distributions of self-efficacy states in school and non-school, 

Figure 4.3, provided additional benchmarks. Very low self-efficacy states occurred 

2.8 times as frequently and very high self-efficacy states occurred 0.33 times as 

frequently in school activities compared to non-school activities.

4.4.3 R epresentativeness o f the sample

I analyzed how representative the ESM participants were of the course popu

lation by comparing the final course grades of 31 of the 33 ESM participants to 

the other 191 students who received final course grades. I used a two-tailed T-test 

to verify the reliability of any differences between the ESM participants and non

participants. Limiting this analysis to just course grades maximized the number of 

students included in the analysis. This increased the likelihood of identifying reli-
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able differences between the students in the course who did and did not participate 

by increasing the statistical power of the analysis.

I investigated how representative the self-efficacy states I sampled were of all of 

students’ experiences in the course by comparing the two weeks of data collection. 

I compared the means for all four affective states for each activity between the two 

data collections. I then used the three-step statistical analysis to see if there was 

a reliable overall difference between the two data collections, a main effect, or a 

reliable difference specific to one of the activities, an interaction.

I investigated how representative the course was of IE physics in general by 

comparing the means for male and female students and the gender differences in 

means for all seven trait measures in the focal IE physics course to those in the 

IE physics courses studied by Kost et al. (2009b) and Kost-Smith (2011). I used 

Cohen’s d to determine the size of the differences. For differences with d > 0.2 I 

discussed the size of these differences in terms of that specific measures to further 

characterize the size of the difference. I do not present these results in this chapter; 

instead I cover them in detail in Chapter 5.

4.5 R esults

4.5.1 Self-efficacy states in the focal IE physics course com pared to  

other STEM  courses

The focal IE physics course was experienced with the lowest self-efficacy states

(1.99) of all four activities, Figure 4.2 and Table 4.1. This was numerically lower 

(0.34) than the self-efficacy states experienced in the other STEM course (2.33), 

and this difference was approximately half of the size of the benchmark (0.67) for 

very large differences. In comparison, the difference for mean self-efficacy states 

between STEM and non-STEM courses was numerically much smaller (0.08). The
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Table 4.1: Means and standard deviations for the four affective constructs in each 
activity.

Non-School School Non-STEM STEM IE Physics
N 816 624 161 233 230

M. S.D. M. S.D. M. S.D. M. S.D. M. S.D.
Self- 2.83 0.79 2.19 0.80 2.26 0.81 2.34 0.72 1.99 0.84
Efficacy
Stress 0.64 0.86 1.08 0.96 0.89 0.87 0.94 0.89 1.36 1.03

Intrinsic 2.79 0.77 1.55 0.69 1.62 0.79 1.56 0.63 1.48 0.67
Mot.
Activation 1.77 0.82 1.96 0.69 1.74 0.71 1.98 0.66 2.08 0.66

numerically higher stress experienced in the focal IE physics (1.36) than in other 

STEM courses (0.94) was consistent with the numerically lower self-efficacy states. 

The difference in motivation states between physics and STEM was very small. This 

small difference may have resulted from a ceiling effect of extrinsic motivation in 

school given that it was very different than non-school activities and it was very 

consistent within school. Even though the difference for motivation was small it 

was still consistent with the lower self-efficacy states in physics in that motivation 

states were more extrinsic in physics than in other STEM courses.

I tested the reliability of the differences in affective states between the four activ

ities using a 1X4 MANOVA. The four affective states were the dependent variables, 

and activity was the independent variable. The MANOVA showed a statistically 

significant effect of activity overall F(4,1435) = 328, p < 0.001. Subsequent one-way 

ANOVAs showed that all four affect variables had statistically significant difference 

in means between the four different activities: self-efficacy F(3,1436) =  85.1, p < 

0.001, activation F(3,1436) = 13.3, p < 0.001, stress F(3,1436) =  41.1, p < 0.001 

and intrinsic motivation F(3,1436) =  338.3, p < 0.001.

Post-hoc tests comparing means for the various activities using Tamhane’s T2, 

Table 4.2, indicated that the self-efficacy states experienced in physics were statisti-
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Table 4.2: Comparisons of the four affective states for non-school versus school and 
for STEM versus physics.

Non-School
Mean

- School 
d

STEM
Mean

-Physics
d

STEM V Physics 
P

Self-Efficacy 0.64 0.75 0.35 0.44 <0.001
Stress -0.44 -0.48 -0.43 -0.44 <0.001
Intrinsic Motivation 1.24 1.30 0.08 0.13 0.69
Activation -0.19 -0.24 -0.10 -0.15 0.69

cally significantly lower than the self-efficacy states experienced in the other STEM 

courses. This was the central result of this chapter, showing that the depression 

in self-efficacy was not part of an epiphenomenon and locating the depression of 

self-efficacy in the physics-learning environment.

The effect size of the difference in self-efficacy states between the focal IE physics 

course and the other STEM courses (ri—0.44) was moderate in size and smaller than 

the benchmark measure (d=0.75). In contrast, the relative likelihoods for the very 

high and very low self-efficacy states in the focal IE physics course compared to in 

the other STEM courses, Figure 4.4, were much closer to the benchmark measures. 

Very low self-efficacy states occurred 13.9% of the time in the focal IE physics course 

and occurred 2.7 times more frequently than in the other STEM courses. Very high 

self-efficacy states occurred 9.6% of the time in physics and occurred 0.50 times as 

frequently as in the other STEM courses. Thus, the ratio of low self-efficacy states 

in physics to other courses was very close to the benchmark measure of 2.8, and the 

ratio for very high self-efficacy states was also close to the benchmark measure of

0.33.

Taken together the measures of the size of the difference in self-efficacy states 

between physics and other STEM courses characterize the differences as being mod

erate to large in size. The differences in the means and effect size indicated a 

moderate difference, while the frequencies and relative frequencies of the extreme
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Figure 4.4: Distributions of self-efficacy states in physics and in other STEM courses.

self-efficacy states in the focal IE physics course indicated a large difference. The 

similarity of these activities and the prevalence and much greater frequency of very 

low self-efficacy states, which likely harm student self-efficacy traits, indicated that 

the negative shift in physics self-efficacy traits was caused by students’ experiences 

in the physics-learning environment.

4.5.2 Differences w ithin the focal IE physics course

The lowest average self-efficacy states were experienced while in lecture (1.96) 

followed by homework (1.98). These states were only slightly numerically lower 

than the average self-efficacy states experienced in laboratory (2.02) and in recita

tion (2.05). I investigated the reliability of these differences in experience across the 

components for the physics course with a 1x4 MANOVA with dependent variables 

of the four affective constructs and one independent variable for the four physics 

course components: lab, lecture, recitation and homework. The two weeks of data

Very Low M oderately Low M oderately High

■  STEM ■  Physics
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collection were combined for this analysis. Results of the omnibus analysis showed 

a statistically significant difference in how the course components were experienced, 

F(4, 223) =  2.421, p =  0.049. Subsequent ANOVA’s showed no significant differ

ences between any of the course components for each of the affective constructs: 

activation F(3, 224)=1.907, p=0.129, self-efficacy F(3, 224)=0.122, p=0.947, stress 

F(3, 224)=1.092, p=0.353 and intrinsic motivation F(3, 224)=1.470, p=0.224. Ac

tivation, which had the lowest p value and largest numerical differences, had a lower 

mean value in the lecture component, 0.2-0.3 points, than in the other course com

ponents, but all three two tailed T-tests indicated that these differences were not 

reliable, p>0.20. This lack of any reliable differences in affective states between 

the course components indicated that the source of the low self-efficacy states was 

common to all of the components of the focal IE physics course.

4.5.3 R epresentativeness o f the weeks in which data was collected

The average self-efficacy states experienced in the physics course during the first 

week (2.00) was numerically similar to that experienced during the second week

(1.99). I investigated the reliability of differences between the two weeks of data 

collection using a 2X4 MANOVA with the four affective states as dependent vari

ables and independent variables for the data collection period and the activity. The 

MANOVA showed that there were no statistically significant overall difference in the 

affective states between the two data collection periods, F(4,1429)=0.793, p=0.530, 

and that there was no interaction between the activity and the data collection pe

riod, F(4,1431)=1.525, p=0.192, which indicated there wasn’t a difference specific 

to some of the activities. This indicated that the experience in the two weeks 

of data collection was similar and therefore that the experience throughout the 

physics course, at least in those times distant from exams, was represented by the 

experiences measured here. Given that exams were unlikely to increase students’
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self-efficacy, or decrease their stress, these experiences were likely a conservative 

measure of students’ experiences in physics overall.

4.5.4 R epresentativeness o f the participants

Grades were numerically higher for ESM participants, M=3.05, SD=0.98, which 

represented an average grade of B, than for non-participants, M=2.31, SD= 1.31, 

which represented an average grade of C+. Results from the two-tailed T-test indi

cated that these differences were statistically significant, T(220)= 2.995, p=0.003. 

This result indicated that there was a sample bias toward higher achieving stu

dents. Given that self-efficacy and achievement are positively related this bias likely 

resulted in a conservative measurement of self-efficacy states, as higher achieving stu

dents would tend to experience higher self-efficacy states. Furthermore, the within- 

subjects design of the study meant that sample bias would not have posed a very 

large problem for comparing physics SE states to those of other STEM courses.

4.6 Discussion

Students’ much lower self-efficacy states in the focal IE physics course than in 

other STEM courses indicated that the negative shift in self-efficacy traits in physics 

was caused by the physics-learning environment. The size of the difference in self- 

efficacy states between physics and other STEM courses was moderate to large, and 

the measurement located the negative effect within the experience of instruction. 

Very low self-efficacy states that likely undermined students’ self-efficacy traits, were 

relatively common in physics, occurring 13.9% of the time, which was 2.7 times 

more often than in other STEM courses. Very high self-efficacy states that likely 

maintained or improved self-efficacy traits occurred only 9.6% of the time, which 

was half as often as in other STEM courses. Furthermore, the consistency of the 

affective states across the two distinct weeks of the semester suggests that these very
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low self-efficacy states were a consistent part of the experience in the focal IE physics 

course. Self-efficacy states being so much lower in physics than in other STEM 

courses was a strong indication that the negative effect on students’ self-efficacy 

was unique to physics rather than an epiphenomenon of general trend throughout 

introductory college STEM courses. Furthermore, the practices and outcomes in 

the focal IE physics course closely aligned with those in other IE physics courses 

suggesting that this course was representative of IE physics instruction in general. 

Thus, assuming the representativeness of the focal course and given the consistent 

finding of negative shifts in self-efficacy traits in physics courses, it appears that the 

experience of learning physics in IE courses harms students’ beliefs in their ability 

to learn and do physics. This seems to be the case even in courses using research- 

based materials and practices that support much greater learning than traditional 

lecture-based courses.

The physics-learning environment includes a wide range of variables. These vari

ables can be separated by the degree to which the instructor or the institution has 

control over them. For example, instructors have a choice in what content they 

teach and how they teach it; choosing to use either traditional physics instruction 

or research-based physics instruction. Instructors have less control over who enrolls 

in their courses, and subsequently they have little control over the traits of their 

students. The focal IE physics course was experienced with much lower self-efficacy 

than other STEM courses, indicating that it was something specific to physics in

struction that was detrimental to students’ self-efficacy. Therefore sources of these 

low self-efficacy states were likely not the physical classroom, the inclusion of labora

tories or homework since these are common characteristics of other STEM courses. 

Instead, important aspects of the physics learning-environment were those specific to 

physics. These important aspects may include how the physics content was taught 

and the expectations established in this physics course, which the instructor has
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some control over. Alternatively the important aspects may be largely outside of 

the instructor’s control, including inherent aspects of the physics content or larger 

social trends such as limited interest in and exposure to physics or stereotypes about 

who can and who cannot learn physics. In the next section I discuss some of these 

possible causes of students poor self-efficacy states in physics.

4.7 Possible causes o f the low self-efficacy states in the focal IE physics 

course

I separate the possible causes of the low self-efficacy states that students expe

rienced in the focal IE physics course into three different but interacting categories. 

In the following I will tentatively explore two of these categories: the physics content 

and the IE pedagogy. The third category, gender, I explore in Chapter 5 because of 

the principal role that I found gender played in the self-efficacy states that students 

experienced in physics. Here I will explore the possible sources behind students’ 

poor self-efficacy states that are related to the physics content or the IE pedagogy 

in order to inform future research that could investigate these relationships.

One possibility is that the conceptual and mathematical demands of the physics 

content may distinguish it from other STEM courses, making students feel less effi

cacious. However, mathematical demands can largely be ruled out as a categorical 

cause for the lower self-efficacy in physics because the mean self-efficacy states expe

rienced in mathematics courses (2.36) was similar to that in all STEM courses other 

than physics (2.34) and was much higher than the average self-efficacy states expe

rienced in the focal IE physics course (1.99). However, it is possible that the math

ematical demands of the physics course were different than in math courses. The 

way that mathematics is presented and used in physics is tied to conceptual models 

of physical systems, whereas in mathematics courses, procedural and schema-based
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knowledge involving symbol manipulations may take greater precedence. There

fore, in a physics course additional demands may interact with the mathematical 

demands to cause students to experience low self-efficacy states.

Conceptual demands of learning physics may be a source of students’ poor self- 

efficacy states in the focal IE physics course. Students do not start physics instruc

tion as blank slates. They live in a physical world and have developed a stable 

set of informal conceptions about how that physical world works based on their 

experiences. Student’s informal conceptions form a relatively coherent, logical and 

robust framework for understanding the physical world (Vosniadou and Skopeliti, 

2014). This framework is deeply ingrained due to it being based on and confirmed 

by experiences throughout daily life (Vosniadou and Skopeliti, 2014). Subsequently, 

physics instruction creates a conflict between students’ informal concepts and for

mal physics concepts. This conflict is not unique to physics as it is the case for all 

STEM learning (Hammer, 1996; Vosniadou and Skopeliti, 2014) that students start 

with informal conceptions. Physics, however, is the subject area in which students 

have the greatest number of informal conceptions (Duit and Treagust, 2003; Stewart 

et al., 2007). The breadth of students informal conceptions and their basis in daily 

life may have been one source of the much lower self-efficacy states in the focal IE 

physics course.

Because I investigated only one physics course, my results cannot inform the 

categorical role of the courses explicit focus on conceptual learning in the poor 

self-efficacy states students experience. It is an open question as to how students’ 

experience differs between research-based and traditional physics instruction. The 

high levels of learning in this and other IE physics courses should provide greater 

opportunities for students to experience high self-efficacy states. However, the focus 

on conceptual learning may have undermined students’ self-efficacy by consistently 

confronting students with the discrepancy between their informal concepts and for
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mal physics concepts. Future investigations should seek to identify the relationships 

between conceptual knowledge development and self-efficacy. These studies are war

ranted given that the poor self-efficacy states in the focal IE physics course are an 

indication that research-based materials and strategies do not provide students with 

the affective resources and experiences to develop self-efficacy traits. Undermin

ing students’ self-efficacy is problematic since self-efficacy traits are important for 

students’ long-term and short-term outcomes, including their conceptual learning 

(Sinatra, 2005)

4.8 Conclusion

Introductory physics courses act as a gateway to physics degrees and most other 

STEM degrees. In the most common forms of introductory physics courses students’ 

self-efficacy decreases. The low self-efficacy states in the focal IE physics course 

and the the similarity of that course to other IE physics courses indicates that 

this negative shift is caused by the physics-learning environment in these courses. 

Subsequently, physics instruction is closing the path to STEM careers for many 

students. Indeed, the low self-efficacy states experienced in physics may be an 

important reason why physics is one of the smallest STEM disciplines. Undermining 

students’ self-efficacy undermines their ability to learn physics content and pass 

physics courses, which are both necessary for students to persist in physics majors. 

Decreased self-efficacy causes students to set lower standards for themselves, use less 

efficient strategies and achieve lower levels of intellectual performance (Bouffard- 

Bouchard, 1990). This effect has been shown to occur in physics courses where self- 

efficacy predicts student performance (Sawtelle et al., 2012b; Kost-Smith, 2011). A 

second reason why low self-efficacy would tend to reduce physics enrollment is that 

self-efficacy traits are an important predictor of the college major students choose
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(Betz and Hackett, 1983; Marra and Bogue, 2009). It is reasonable that students 

will not choose to pursue physics majors if they do not believe they can succeed in 

learning and doing physics. If physics is going to recruit and retain students then 

it must support them in both learning the physics content and developing strong 

self-efficacy traits; two goals that are mutually supportive of one another.

81



www.manaraa.com

Chapter 5 

G EN D ER , EX PER IEN C E A N D  SELF-EFFICACY IN  

INTR O D U C TO R Y  PH YSICS

This chapter has been accepted for publication in Physical Review Special Topics 

- Physics Education Research. The authorship of this article is: Jayson Nissen and 

Jonathan Shemwell. This chapter is a verbatim copy of the submitted article and, 

subsequently, has several redundancies with other chapters in this dissertation.

5.1 Abstract

There is growing evidence of persistent gender achievement gaps in university 

physics instruction, not only for learning physics content, but also for developing 

productive attitudes and beliefs about learning physics. These gaps occur in both 

traditional and interactive-engagement (IE) styles of physics instruction. We in

vestigated one gender gap in the area of attitudes and beliefs. This was men and 

women’s physics self-efficacy, which comprises student’s thoughts and feelings about 

their capabilities to succeed as learners in physics. According to extant research us

ing pre and post course surveys, the self-efficacy of both men and women tends to 

be reduced after taking traditional and IE physics courses. Moreover, self-efficacy 

is reduced further for women than for men. However, it remains unclear from these 

studies whether this gender difference is caused by physics instruction. It may be, 

for instance, that the greater reduction of women’s self-efficacy in physics merely 

reflects a broader trend in university education that has little to do with physics 

per se. We investigated this and other alternative causes, using an in-the-moment 

measurement technique called the Experience Sampling Method (ESM). We used 

ESM to collect multiple samples of university students’ feelings of self-efficacy dur-
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mg four types of activity for two one-week periods: (1) an introductory IE physics 

course, (2) students’ other introductory STEM courses, (3) their non-STEM courses 

and (4) their activities outside of school. We found that women experienced the IE 

physics course with lower self-efficacy than men, but for the other three activity 

types, women’s self-efficacy was not reliably different from men’s. We therefore con

cluded that the experience of physics instruction in the IE physics course depressed 

women’s self-efficacy. Using complementary measures showing the IE physics course 

to be similar to others in which gendered self-efficacy effects have been consistently 

observed, we further concluded that IE physics instruction in general is likely to be 

detrimental to women’s self-efficacy. Consequently, there is a clear need to redress 

this inequity in IE physics, and probably also in traditional instruction.

5.2 Introduction

Over the last 60 years, physics has lagged behind other Science, Technology, 

Engineering and Mathematics (STEM) disciplines in the proportion of women who 

pursue undergraduate degrees. For many STEM disciplines, the number of women 

relative to men is now at or near parity. As examples, between 2000 and 2010 women 

made up 50% of degree recipients in chemistry and 41% in mathematics. However, 

during this same period only 21% of bachelors degrees in physics were received by 

women (National Science Foundation, 2012).

One reason why so few women may be pursuing physics degrees is that the 

physics-learning environment preferentially favors male students over female stu

dents. This possibility is backed by research showing persistent differences in how 

women and men experience physics in which women are disadvantaged. In intro

ductory courses, women tend to both start out and end at lower levels of conceptual 

knowledge than men (Madsen et al., 2013; Kost et al., 2009a). Furthermore, women
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tend to have less productive attitudes about learning physics, including interest, 

sense making effort and problem solving confidence (Kost et ah, 2009a). For both 

conceptual knowledge and attitudes, these gender differences increase from pre to 

post course measurement (Kost et al., 2009a; Madsen et al., 2013).

The gender gap in attitudes and beliefs about physics learning also extends to 

self-efficacy, our subject here. Self-efficacy is the belief in one’s ability to succeed in a 

given domain (Bandura, 1997). It is an important predictor of academic performance 

and persistence, both in general (Multon et al., 1991), and in introductory physics 

courses (Sawtelle et al., 2012b; Kost-Smith, 2011). Kost-Smith (2011) found that 

women entered introductory physics courses with lower self-efficacy than men, and 

this difference increased from pre to post course. Sawtelle et al. (2010) obtained 

the same result in lecture-based physics courses, as did Cavallo et al. (2004) and 

Lindstrom and Sharma (2011).

While it seems fairly clear that there is a gender gap in self-efficacy in physics, it 

remains an open question whether physics instruction somehow causes this inequity. 

This is a very important question and the central one of the present study. It may 

be, for instance, that the negative shift in women’s self-efficacy that is consistently 

observed in physics is not unique to physics courses. Rather, this shift may be an 

epiphenomenon, or secondary effect, of a broader trend that would tend to occur in 

most courses, or perhaps most STEM courses. So long as this and other broad-based 

causes of the inequity (these are discussed later in this article) cannot be ruled out, 

then there is no particular urgency to redress it in physics courses. However, if gender 

differences in self-efficacy could be shown to be caused by physics instruction, then 

there would be an obvious need for concerted action within the physics community 

to bring about more equitable classroom experiences. The purpose of the present 

study is to see whether this and other explanations could be ruled out, thus resting 

the source of the gender inequity more squarely on physics instruction.

84



www.manaraa.com

We engaged with the question of causality by measuring men’s and women’s 

feelings of self-efficacy as they were learning in physics and in other STEM and 

non-STEM courses over two weeks of instruction. The measurement used an es

tablished quantitative technique called the experience sampling method (ESM) in 

which students responded to a signal to briefly record their thoughts and feelings 

of self-efficacy in the midst of their activities. We reasoned that if women could 

be observed to experience lower self-efficacy than men in physics, but not in other 

courses, physics instruction would have to be seen as a primary cause of the gender 

difference.

Bandura (1997, p. 3) defined self-efficacy as “beliefs in one’s capabilities to or

ganize and execute the courses of action required to produce given attainments.” 

The term “beliefs” in this definition is potentially confusing because it suggests 

that self-efficacy is a fairly stable characteristic. However, Bandura considered self- 

efficacy to be “a dynamic fluctuating property, not a static trait” (Bandura, 1997, 

p. 406). Furthermore, he recognized that it was highly responsive to a person’s be

havior and their environment. Therefore, self-efficacy “beliefs” are sometimes better 

thought of as being dynamic states. On the other hand, Bandura acknowledged 

that self-efficacy was often associated with habitual patterns of behavior (Bandura, 

1997, 2006). Accordingly, self-efficacy is sometimes measured using surveys that 

ask people to rate their confidence in their ability to accomplish tasks, with the 

results interpreted as being trait-like characteristics (Bandura, 2006; Kost et al., 

2009a). Thus, a person’s self-efficacy in physics can be said to go up or down after 

a semester of instruction.

To encompass both dynamic and stable aspects of self-efficacy, hereafter we refer 

to (and measure) them as two distinct components. One is the dynamic response 

that may shift from moment to moment, which we call self-efficacy state. The second
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is a more stable attitude (or belief) about one?s ability to succeed in a domain, which 

we refer to as self-efficacy trait.

So far as we can tell, our approach to measuring self-efficacy states separately 

from traits is unique. Often, researchers skirt the issue by making the sources of self- 

efficacy the object of measurement, rather than self-efficacy itself. Typically, this is 

done by asking people to rate their agreement with statements about experiences 

they had in the domain of interest (Sawtelle et al., 2010; Fencl and Scheel, 2005). 

Since the sources of self-efficacy are assumed to underlie both dynamic states and 

longer term patterns, there is no need to distinguish between these aspects. In 

physics, the Sources of Self-Efficacy in Science Courses- Physics (SOSESC-P) (Fencl 

and Scheel, 2005) takes this approach, asking students’ to reflect on sources of self- 

efficacy in their experiences of physics instruction. Another instrument used in 

physics asks students about their self-efficacy via their confidence in their ability to 

succeed at physics tasks, obtaining a measurement of self-efficacy “beliefs”, which we 

refer to as self-efficacy traits. This is the Physics Self-Efficacy and Identity Survey 

(PSEIS) (Kost-Smith, 2011). This instrument also includes sources of self-efficacy 

items from the SOSESC-P.

5.2.1 The gender gap in physics self-efficacy

Leaders in the field have pointed out that the development of coherent attitudes 

and beliefs about learning and doing science should be a core goal of physics ed

ucation (Redish et al., 1998; Brewe et al., 2009). Unfortunately, these attitudes 

and beliefs generally erode over time in physics courses, even when using research- 

based pedagogies that manifestly benefit learning (Kost et al., 2009a; Kost-Smith 

et al., 2010; Brewe et al., 2009). Furthermore, there are consistent gender differ

ences in which negative shifts in attitudes and beliefs are larger for women than for 

men (Kost et al., 2009a; Kost-Smith et al., 2010). These differences extend to self
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efficacy. Using the PSEIS, Kost-Smith (2011) demonstrated that women had larger 

negative shifts than men for both self-efficacy traits and sources of self-efficacy. This 

result was reliable across four instructors and three different offerings of a research- 

based introductory course known as interactive engagement physics. The author 

also found that there was a gender difference in conceptual knowledge at posttest in 

these courses (typical for physics instruction), and that 12% of the effect was pre

dicted by gender differences in self-efficacy beliefs. Sawtelle et al. (2010) used the 

SOSESC-P to show that students’ physics self-efficacy became less positive across 

three different semesters of lecture-based physics courses, with the negative shift 

consistently larger for female students. Corroborating evidence for a reliable gen

der gap in self-efficacy beliefs in physics, at least in introductory courses, comes 

from studies of general attitudes and beliefs in physics. Most notably, Kost et al. 

(2009a) and Kost-Smith et al. (2010) found that women started interactive engage

ment physics courses with less expert attitudes about learning and doing physics 

than men, and these differences tended to increase from pre to post instruction.

Sawtelle et al. (2010) pointed out a notable exception to the trend in negative and 

gendered self-efficacy outcomes in physics. Studying a course that used modeling 

instruction the authors measured self-efficacy traits at the beginning and end of the 

course for three different semesters using the SOSESC-P. They found neither positive 

nor negative shifts in either men’s or women’s self-efficacy traits. Sawtelle et al. 

(2012a) investigated the source of this salutary outcome using video and interviews 

of three students engaged in modeling activities. They showed that creating and 

working on models in small group settings (the primary instructional mode of the 

course), provided many opportunities for self-efficacy development, such as when 

students received positive feedback from their classmates and vicariously from seeing 

their classmates succeed. They proposed that that these opportunities might be
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what differentiated modeling instruction from other physics courses with regard to 

self-efficacy outcomes.

Assuming that modeling instruction in general does not negatively affect women’s 

physics self-efficacy, then the gendered self-efficacy outcomes found in traditional and 

IE physics would be more likely to be caused by the experience of instruction in those 

formats and less likely to result from a persistent, broad-based trend in university 

education. However, Sawtelle and colleagues’ (Sawtelle et al., 2010, 2012a) research 

was not intended to be conclusive about the causes of self-efficacy outcomes in mod

eling instruction. The authors’ second, more diagnostic study in particular was not 

intended to explain variance, but rather to reveal processes by which self-efficacy 

could be supported. Thus, direct evidence of the impact of more mainstream (i.e., 

non-modeling) physics instruction on men’s and women’s self-efficacy is needed if 

its gender effects are to be squarely established.

5.2.2 Classroom  environm ents, experiences and gender

Much of the more general education research on differences in how male and 

female students experience STEM instruction has focused on the tenor of the class

room set by the professor. Using interviews Hall and Sandler (1982) found that 

women experienced “chilly” classrooms in which male instructors maintained class

room inequalities such as spending disproportionate amounts of time talking to male 

students and ignoring female students’ questions. Seymour and Hewitt (1997) used 

interviews to show low levels of faculty support and highly competitive environ

ments were typically the starting point of students’ paths out of STEM majors. 

They concluded that many highly capable students, including women, were leaving 

STEM disciplines because of their poor experiences and not because of an inability 

to perform well in their coursework. In physics, Mujtaba and Reiss (2013) analyzed 

high school students’ end-of-course surveys to show a gender difference in the level of
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encouragement to continue in the discipline they felt from their teachers. This mea

sure was correlated with students’ intentions to take additional physics courses in 

the future. Similarly Kost et al. (2009b) used a survey to show that women reported 

experiencing less support in physics courses, for instance compared to men, women 

more frequently agreed with the item “I felt like I didn’t belong in this course.”

The gender inequities just described are relevant to the present study because 

they are attributed to the experience of learning rather than within a broader gender- 

based trend. However, these studies used retrospective measures, wherein the dis

tance from the experience of instruction leaves open the possibility of alternative 

causal factors. In particular, gender differences could arise because men and women 

focus on different aspects of their experiences in retrospection; not because they ac

tually experienced instruction differently. For example, Hyde et al. (1990) found that 

women retrospectively reported greater levels of anxiety about mathematics than 

men. They inferred from this result that women experienced higher levels of anxi

ety during their mathematics courses. Goetz et al. (2013) called this interpretation 

into question by combining retrospective reports with an in-the-moment measure 

of anxiety, which was the experience sampling method (ESM) used in the present 

study. Retrospective surveys found that women reported higher levels of mathe

matics anxiety than men, but the in-the-moment measure showed that women and 

men experienced very similar levels of anxiety. Bieg et al. (2014) referred to this 

mismatch as a state-trait discrepancy. They found that much of it was explained by 

students’ mathematics self-concept, which they described as a measure of students’ 

feelings of control over their performance in the course. They proposed that the 

state-trait discrepancy arose when students with lower math self-concepts focused 

more on their anxiety in retrospective reporting than did students with higher math 

self-concept.
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5.3 Theoretical Framework

As we discussed earlier there are inconsistencies in how self-efficacy is described 

as both dynamic and static, which we have addressed by separating self-efficacy 

into states and traits. Albert Bandura (Bandura, 1986, 1997) proposed that internal 

states are one of the three major classes of determinants in human agency, along with 

behavior and environment. States arise within the individual, have a complex latent 

structure consisting of affect, cognition and biological events and are dynamically 

responsive to both the perceived environment and the individual’s behavior (see 

Figure 5.1) (Bandura, 1997). In contrast traits are the relatively stable patterns of 

behaviors and internal states, including thoughts and feelings, that habitually occur 

in different circumstances and contexts (Jackson et al., 2012). We propose thinking 

of traits as representing the patterns that arise between the three major classes 

of determinants: internal states, environment and behavior. This framework is 

consistent with both the definitions of traits and of self-efficacy in that self-efficacy 

traits are context and situation dependent, tend to be very stable and result in 

habitual patterns of behavior (Bandura, 1997, 2006).

The development of self-efficacy traits is rooted in experience (Luzzo et al., 1999). 

High levels of performance support the development of stronger self-efficacy traits 

which subsequently support future performance (Williams and Williams, 2010). Be

cause self-efficacy states are a measure of experience and, to some degree, a measure 

of personal performance, we expected a similar causal reciprocal relationship to 

exist between self-efficacy states and traits measured in the present study. There

fore self-efficacy states experienced in physics integrated over time should produce 

physics self-efficacy traits. Therefore, because self-efficacy traits predict student 

performance in physics (Sawtelle et al., 2012b; Kost-Smith, 2011), we viewed very
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Figure 5.1: The three majors classes of determinants. The three majors classes 
of determinants according to Social Cognitive Theory are shown on the left. The 
arrows represent the reciprocal causal relationships that exist between each of the 
classes. On the right the internal state class is broken down into the four affective 
states that were measured in this study. The relationships between the self-efficacy 
state and each of the complementary states are shown in the arrows.

low self-efficacy states experienced in physics as harmful to students’ persistence 

and success in physics.

5.4 Research Q uestions

The negative shift in women’s physics self-efficacy traits measured across intro

ductory physics instruction (Kost-Smith, 2011; Sawtelle et al., 2010; Cavallo et al., 

2004; Lindstrom and Sharma, 2011) suggests that there is something about physics 

instruction that is particularly harmful to women’s self-efficacy compared to men’s. 

However, as we discussed earlier rival explanations that this is caused by factors 

outside of the experience of instruction must be dealt with before locating the cause 

within physics instruction and not elsewhere. The main body of research to date has 

primarily focused on post course measures and/or only on physics courses, so it has 

not effectively addressed these rival possibilities. In order to address the overarching 

question about the cause of the larger negative effect on women’s self-efficacy being 

situated in the experience of physics instruction we asked two principle research 

questions:
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1. To what extent did women experience IE physics instruction with lower self- 

efficacy states than men?

2. How did the differences between men’s and women’s self-efficacy states in IE 

physics compare to the differences in other STEM and non-STEM courses?

5.5 M ethods

5.5.1 C ontext

The study took place at a four-year public university located in the northeastern 

part of the United States. The university was the leading research university for the 

state it served and was a PhD-granting institution in many STEM fields.

We collected data in one interactive engagement (IE) physics course, the focal 

IE physics course. Interactive engagement promotes (Hake, 1998, p. 65) “concep

tual understanding through interactive engagement of students in heads-on (always) 

and hands-on (usually) activities which yield immediate feedback through discus

sion with peers and/or instructors.” IE has been used to describe courses that use 

research based teaching practices (Crouch and Mazur, 2001; Turpen and Finkelstein, 

2009; Kost et al., 2009a) such as Peer Instruction (Mazur, 1997) and Tutorials in 

Introductory Physics (McDermott and Shaffer, 2002).

We collected data in an IE physics course, as opposed to a traditional physics 

course, because we expected IE instruction to be a more conservative measure of 

gender differences in self-efficacy experiences. We based this decision on IE instruc

tion better supporting student conceptual learning and because gender differences in 

conceptual knowledge tend to be smaller after IE instruction than after traditional 

physics instruction (Madsen et al., 2013).

The focal IE physics course met five times in total each week: twice for 50 minutes 

of lecture with approximately 150 students, twice for 50 minutes of recitation with
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24 students and once for 110 minutes of laboratory with 24 students. The instructor 

of the course was male and had thirty-five years of teaching experience. The data 

was collected during the fifth year the instructor taught this course. The course 

was modeled on IE physics courses described in Kost et al. (2009a). Almost all 

lectures used several conceptual multiple choice questions embedded throughout 

the lecture, i.e. ConcepTests (Mazur, 1997). Students discussed these questions 

with their neighbors and the course instructor called on students to explain their 

reasoning for their answers. Students earned a small portion of their final course 

grade, 3%, by participating in the ConcepTests. Three mid-term exams and one 

final exam were given in the lecture portion of the course. There was a weekly 

homework assignment with a written and an online component. Homework and tests 

included both conceptual and calculation problems. In the two recitation sections 

students spent most of their time solving conceptual problems in small groups. One 

recitation per week made use of a standard set of tutorial lessons (McDermott and 

Shaffer, 2002). The other recitation used a mix of locally-generated conceptual and 

calculation physics problems. A graduate teaching assistant (TA) facilitated the 

recitation periods and the lab. An undergraduate learning assistant (LA) assisted 

the TA during the recitation. The LA had previously completed the course and was 

enrolled in a weekly seminar on pedagogy (Otero et al., 2010). The TA and LA were 

provided weekly training on the content and pedagogy used during recitation. This 

training emphasized the use of Socratic dialogue to support students in generating 

their own conceptual understanding in the activities during recitation.

5.5.2 Design

The study used a within-subject design comparing students’ self-efficacy states 

in the focal IE physics course to their self-efficacy states in other introductory STEM 

courses the students were taking in the same semester (see Figure 5.2). This design
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enabled us to address five research goals to: provide evidence for answering the 

research questions (goals 1 and 2), provide validity for that evidence (goals 3 and 4) 

and generalize the findings (goal 5). The first three goals were addressed with the 

state data the last two goals were addressed with the trait data.

For goal one we identified any gender differences in the self-efficacy states stu

dents experienced during instruction in the focal IE physics course and the size of 

those differences. For goal two we determined the extent to which any gender dif

ferences in self-efficacy states were unique to the focal IE physics course or whether 

they also occurred in the other courses, potentially as part of a broader trend, by 

comparing self-efficacy states in the focal IE physics course to those in other STEM 

courses (Figure 5.2 - left). For goal three we determined the extent to which gender 

differences in the complementary states were consistent with gender differences in 

the self-efficacy states experienced in the focal IE physics course.

An important feature of the design was the use of complementary measures to 

provide validity for any identified gender difference in self-efficacy states that were 

measured in the focal IE physics course, goals three and four. In addressing goal 

four self-efficacy trait data was used to validate the self-efficacy state data. The self- 

efficacy trait measure complemented the self-efficacy state measure, as shown by the 

dark arrow in Figure 5.2, in that gender differences in self-efficacy states experienced 

in the IE physics course should show up as gender differences in the means of, and 

shifts in, self-efficacy traits across the semester. A secondary objective of goal four 

was the use of complementary trait measures, bottom right of Figure 5.2, to support 

the validity of the self-efficacy trait measure by identifying the extent to which gender 

differences were consistent across all traits.

Because we studied only one semester of a single IE physics course we designed 

the research to collect evidence of how well this focal course represented IE physics 

courses in general, goal five. We compared the scores and gender differences in scores
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Figure 5.2: Design structure of the research illustrating the five goals of the design. 
1) Identify gender differences in self-efficacy states experienced in the IE physics 
course, 2) identify if the gender differences in state experiences were unique to IE 
physics, 3) consistency of gender differences in the focal IE physics course for self- 
efficacy states and the complementary states, 4) consistency between gender differ
ences for self-efficacy states and traits and 5) identify how similar trait outcomes 
and gender differences were in the focal IE physics course to courses studied by Kost 
et al. (2009a).

to those scores for similarly designed courses at another institution as reported by 

Kost et al. (2009a). To do this, we used three different pre-post measures relying 

on standard survey instruments: self-efficacy traits (Kost-Smith, 2011), attitudes 

(Adams et al., 2006), and conceptual knowledge (Thornton and Sokoloff, 1998). A 

fourth comparative measure was course grades. In Figure 5.2, the latter three mea

sures are grouped at the lower right under the collective heading of complementary 

traits.
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Figure 5.3: Diagram of the overlapping ESM participants and trait participants. 
* Eight male and five female ESM participants were not trait participants.

Due to the intensive nature of the ESM, it is typical to collect state data from a 

representative sample of participants in a given context, such as a course or a school, 

rather than taking data from all students. Using this approach, we conducted ESM 

with 33 ESM participants from a physics course of 242 students. By contrast, 

trait data was much easier to collect and we obtained this from a larger sample of 

117 trait participants. Unfortunately, not all 33 ESM participants were part of the 

117 trait participants (see Figure 5.3). Therefore, the two overlapping groups were 

used as independent samples for different purposes. Trait participants were used to 

represent the effect that the course had on students’ traits. ESM participants were 

used to characterize how students experienced instruction.
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5.5.3 Participants

Out of 242 students who started the course, 222 completed the course and re

ceived grades. Of these, 40 (18%) were female (see Figure 5.3). Of the 20 students 

who dropped or withdrew from the course, 5 were female. Of the 117 trait par

ticipants 90 were male and 27 (23%) female. Of the 33 ESM participants 20 were 

male and 13 (39%) were female. Overall, there were 20 ESM participants who were 

also trait participants, 12 male and 8 female. Two of the female ESM participants 

withdrew from the course and did not receive final course grades.

ESM participants were recruited from their IE physics course through a brief 

announcement by the first author describing the research. They were informed that 

the research was investigating their experiences as college students. All students 

who wished to participate in the study were allowed to do so. Participants who 

completed the ESM were given a small amount of extra credit and a stipend of fifty 

USD.

We defined gender as the self-identification as either male or female.

5.5.4 Instrum entation for trait data collection

We measured students’ self-efficacy traits in physics by using the twenty 5-point 

Likert-scale self-efficacy questions from the Physics Self-Efficacy and Identity Survey 

developed by Kost-Smith (2011). We truncated the name to Physics Self-Efficacy 

Survey (PSES) because we did not include the identity questions or the sources of 

self-efficacy questions. The PSES measures self-efficacy across four constructs, but 

only the overall self-efficacy score was used in this study. We measured students’ at

titudes about learning physics with the Colorado Learning Attitudes about Science 

Survey (Adams et al., 2006). The CLASS measures eight separate categories of stu

dent beliefs compiled from student responses to 42 questions. Responses are coded 

as favorable, neutral, or unfavorable based on agreement with expert responses. Like
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the PSES, the CLASS is multidimensional, having eight subconstructs of expert-like 

response, but it also allows for an aggregate score. We used only the overall favor

able score in the present study. We measured students’ conceptual knowledge in the 

focal IE physics course with the Force and Motion Conceptual Evaluation (FMCE) 

(Thornton and Sokoloff, 1998), a 47 question multiple-choice exam. The FMCE 

was scored out of 37 points following the methods of Thornton et al. (2009) using 

a spreadsheet developed for that purpose (Wittmann, 2009). We obtained course 

grades for the focal IE physics course from the instructor and analyzed them on a 

4.0 scale, such that an A was 4.0 , an A- was 3.7, a B+ was 3.3, etc. This was the 

scale used at this institution and was the same scale used by Kost et al. (2009a).

5.5.5 Experience Sam pling Form

The data collection instrument for ESM studies is a short survey that partici

pants fill out when randomly signaled, or shortly thereafter, about the activity they 

were engaged in at the moment of the signal. ESM studies typically refer to this in

strument as the Experience Sampling Form (ESF). Our ESF was modeled on those 

used in studies overviewed by Hektner et al. (2007). It was the single side of one 

standard-sized page split into two sections. The first section asked four free-response 

questions: (1) the main and (2) the secondary activities students were doing, (3) 

where they were and (4) what they were thinking about. For the present study, 

only the first of these free-response items was analyzed. The second portion of the 

survey, on the right half of the page, consisted of 20 Likert-scale questions. Students 

indicated the type and level of affect at the moment they were signaled by respond

ing to the question, “How did you feel in the main activity?” which was followed by 

the twenty emotions. Principle components analysis of all surveys confirmed that 19 

of the 20 Likert-scale items reliably loaded onto the four affect constructs as shown 

in Table 5.1.
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Three of the Likert-scale questions, skill, control and success, formed the basis 

of our self-efficacy state measure. We designed the study to include these questions 

because control and capability are central attributes of self-efficacy (Bandura, 1997). 

These feelings have also been statistically grouped in prior ESM studies (Schmidt 

and Shumow, 2012; Hektner et al., 2007) and principle components analysis con

firmed their structure in the present study. The other Likert-scale questions formed 

the three complementary affective states, activation, intrinsic motivation and stress, 

which are defined in Table 5.1. Self-efficacy, activation and stress were measured 

on a unipolar scale from none to extreme. Intrinsic motivation was measured on a 

bipolar scale from extremely extrinsic to extremely intrinsic (Nissen and Shemwell, 

2014).

We used the relationships between self-efficacy and each of the complementary 

state measures to provide additional validity for the self-efficacy state measure. The 

relationship between self-efficacy and stress was expected to be negative. When self- 

efficacy is higher, stress should be lower because self-efficacy is a measure of personal 

skill and stress arises when skill does not meet the demands of the situation. The 

relationship between self-efficacy and both activation and intrinsic motivation was 

expected to be positive. People are more likely to become activated when they feel 

efficacious (Bandura, 1997) and people are also more likely to internalize motivation 

for activities that they feel efficacious in (Ryan and Deci, 2000).

5.5.6 Procedures

ESM data was collected for two different seven-day periods during the third week 

and then again in the tenth week of the semester. These weeks were chosen so as 

not to fall during an exam or other significant assessment. Signals to fill out the 

ESF were sent to students’ cell phones. These were semi-randomly scheduled across 

each day such that there was a signal once during each two-hour block between 8
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Table 5.1: Affective state constructs, definitions and component questions with 
construct reliability measures and factor loadings. Italicized questions were asked 
in a 7-point bipolar format. All other questions were asked in a 5-point unipolar 
format. Parentheses in the left hand column are (Cronbach’s alpha/ percent variance 
explained). Parentheses in the right hand column are the rotated factor loading for 
that question.

Construct Definition Components
Self-Efficacy
(0.76/20.2%)

Dynamically responsive judgments of 
one’s ability to organize and execute 
the courses of action required to pro
duce given attainments in the activity 
at hand.

skill (0.79), control 
(0.68), success (0.82), 
difficulty concentrating 
easy/hard (-0.51),
confused/clear (0.52)

Activation An elevated level of excitement and 
(0.87/25.6%) involvement in the task, consistent 

with Thayer (1996) and in contrast to 
a relaxing state (Thayer, 1967).

determined (0.67), 
active (0.59), attentive 
(0.80), alert (0.77), 
inspired (0.56), de
tached/involved (0.57), 
concentrating (0.63)

Intrinsic A drive to engage in the activity at
Motivation hand, derived from within, either be-
(0.70/6.1%) cause it is personally enjoyable or

valuable, as opposed to extrinsic mo
tivation, which is driven by external 
pressures or rewards (Deci et al., 1999; 
Csikszentmihalyi, 1975).

free/constrained (-
0.65), excited/bored (-
0.64), enjoy (0.57), 
importance (-0.71)

Stress Negative feelings resulting from an in-
(0.79/6.6%) dividual’s perception that they do not

have the resources to cope with a per
ceived situation (Lazarus and Folk- 
man, 1984).

stress (0.83), worry 
(0.80), frustration 
(0.71)

am and 10 pm and all signals were greater than 30 minutes apart. A constraint 

on the schedule was that a signal was scheduled for every physics course meeting, 

resulting in a higher rate of sampling for physics than for other experiences. We did 

this to ensure enough samples in physics for a reliable measurement, since students 

spent less time there than in the other, broader categories of experience. To prepare 

participants for the first of the two data collection periods, we gave them a one-hour 

briefing on the data collection procedures.
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Surveys for trait measurements were given during the first and last week of 

the course. The knowledge measurement (FMCE) was done during class. This 

was not part of student grades, but it was a mandatory class activity for students in 

attendance. Students took the attitude and self-efficacy surveys (CLASS and PSES) 

outside of class via an online platform as a part of weekly homework assignments. 

Students received credit equal to one homework problem for completing each survey. 

We obtained course grades from the instructor after the course had ended.

5.5.7 M ethods of Analysis

ESM data was analyzed to compare means between genders across all four ac

tivities for each of the four affective constructs. To check for statistical significance, 

we used a three-step process beginning with an omnibus multivariate analysis of 

variance to see if a statistically significant difference in means existed for the gender 

X activity interaction. Then factorial univariate analysis identified if statistically 

significant differences existed for the gender X activity interaction on each of the 

affective constructs. Last, post hoc tests were run to identify statistically signifi

cant differences in means between males and females for each of the four affective 

constructs in each of the four activities.

The ESM data for both the third and tenth weeks of the semester was entered 

into a spreadsheet database. Principle components analysis was conducted on the 

raw responses and verified the individual questions aligned with the four expected 

affective constructs, summarized in Table 5.1. Averaging the component questions of 

each construct on a 5-point, 0-4, scale created the raw score for each construct. The 

data for what students were doing was reduced to four activities: non-school, non- 

STEM, STEM, and IE physics and the two weeks of data collection were combined. 

Analysis of variance confirmed that no statistically significant differences existed for 

either of these reductions. Results of these analyses are reported in Chapter 6.
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We used Cohen’s d, histograms of the raw score responses and Z-scores of the af

fective constructs to interpret the size of the gender differences measured in the focal 

IE physics course. The histograms allowed comparing the distribution of students’ 

responses across the scale for each affective construct. This supported interpreting 

the meaningfulness of the differences, for instance in the case where one population 

never experienced a very high level of a state but the other population frequently 

experienced that high level.

Z-scores allowed identifying how the experience in physics was situated in stu

dents’ overall experiences in two ways. First, they allowed showing how males’ and 

females’ average experiences in physics compared to their overall experiences, for 

example bottom 20% or top 10%. Second, they allowed seeing how often physics 

experiences were above average. To create Z-scores the twenty Likert-scale affect 

questions were converted to Z-scores for each response based on that participant’s 

mean and standard deviation for that question for that week. This conversion min

imized the effects of participants using the scales differently by describing responses 

as above or below average for that person and scaling the distance from average 

in units of standard deviation for that person’s response to that question (Hektner 

et al., 2007). Averaging the component question Z-scores created the Z-score for 

each affective construct.

Each of the four trait measures yielded a single overall score. We compared means 

for these scores between male and female students for all of the trait participants (i.e., 

all of the students for whom we had a complete set of trait data, see Figure 5.3). We 

assessed the effect size of any differences between men’s and women’s mean scores on 

each trait measure using Cohen’s d. To check for statistical significance, we used a 

two-step process beginning with an omnibus multivariate analysis of variance to see 

if a statistically significant differences in means existed for gender. Then factorial
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univariate analysis identified if statistically significant gender differences existed on 

each measure.

We used results from the trait analysis to assess the similarity of the focal IE 

physics course to those investigated by Kost et al. (2009a) by comparing means 

for male and female students on each measure between the two course contexts. 

In particular, we compared the effect sizes for gender differences to see if the focal 

course maintained, increased or decreased gender differences in similar ways to other 

IE physics courses (Kost et al., 2009a).

Representativeness of trait participants was investigated by comparing mean 

grades of trait participants to mean grades for all other students while controlling 

for gender using analysis of variance. Assessing the representativeness of ESM par

ticipants was more challenging because we sought to balance the number of students 

included in the analysis with the number of trait measures over which we analyzed 

the representativeness. First, analysis of variance was used to compare means on 

all trait measures between ESM participants and non-participants. However, this 

limited the ESM participants included in the analysis in a biased way and the small 

N resulted in low statistical power. Therefore, analysis for representativeness of the 

ESM participants was accomplished by comparing means for ESM participants and 

non-participants on each trait measure for all students who completed that measure 

using two tailed T-tests.

Cohen’s d was utilized as a measure of the effect size between male and female 

students for both traits and state experiences as recommended by Rodriguez et al. 

(2012). Cohen (1977) provided guidelines of small (0.2), medium (0.5) and large 

(0.8) for interpreting effect sizes for interventions, but he cautions that these are 

not hard and fast rules. Thus, we used these guidelines for interpreting effect sizes 

loosely and described the differences in experience as descriptively as possible in 

order to substantiate the size of those differences.
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5.6 Results

In presenting the results we first present the state data and then the trait data. 

We begin the state results by describing how well ESM participants represented the 

course population. Next, we present the results for self-efficacy states experienced in 

the IE physics course compared to other types of courses and day-to-day experiences. 

This addresses the two research questions and the first three design goals. We begin 

the trait results by describing the representativeness of the trait participants. Then 

we present the trait results to address the fourth and fifth design goals: checking 

the extent to which self-efficacy states in the focal IE physics course were consistent 

with physics self-efficacy traits and assessing the degree to which the focal IE physics 

course should be taken as representative of IE physics courses in general.

5.6.1 The representativeness o f ESM  participants

Differences in traits between students who participated in the ESM and those 

who did not were tested by comparing the means between ESM participants and 

non-participants for male and female students for all students who completed each 

trait measure as shown in Table 5.2. These comparisons showed that, first of all, both 

the male and female ESM participants in the study were high achieving students in 

the sense that they learned more conceptual knowledge and had higher grades than 

other students in the course. While there were no differences in selectivity between 

men and women with respect to achievement, the other trait measures suggested 

that men who participated in the ESM might have had especially robust attitudes 

and self-efficacy traits compared to the other men in the course. Whereas female 

ESM participants had more novice-like and more malleable attitudes, but similar 

self-efficacy traits, compared to other women in the course. These differences, or
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Table 5.2: Representativeness of male and female ESM participants. Includes traits 
for ESM participants and non-participants by gender for all students who completed 
each trait instrument.

Male Participants Male Non-Participants
Measure Scale Mean N SD Mean N SD d(95% Cl)
Pre-FMCE % 32.9 17 17.5 29.7 163 23.3 0.14 (-0.36, 0.64)
post FMCE % 69.1 16 26.0 63.2 145 28.7 0.20 (-0.31, 0.72)
Pre-CLASS % 72.0 19 13.4 62.0 164 16.1 0.64 (0.16, 1.11)
post CLASS % 64.8 16 13.8 58.3 101 17.5 0.38 (-0.15, 0.91)
Pre-PSES 1-5 3.61 19 0.41 3.43 156 0.59 0.31 (-0.17, 0.79)
post PSES 1-5 3.62 17 0.49 3.41 97 0.73 0.30 (-0.22, 0.81)
Course Grade 0-4 3.05 20 1.11 2.31 162 1.31 0.57 (0.10, 1.04)

Female Participants Female Non-Participants
Measure Scale Mean N SD Mean N SD d(95% Cl)
Pre-FMCE % 22.7 13 10.3 23.4 31 18.2 -0.04 (-0.69, 0.60)
post FMCE % 55.6 12 27.8 48.1 28 27.5 0.27 (-0.41, 0.95)
Pre-CLASS % 55.8 13 19.4 61.8 28 16.6 -0.34 (-0.99, 0.33)
post CLASS % 46.5 11 14.4 58.5 22 19.0 -0.68 (-1.41, 0.08)
Pre-PSES 1-5 3.23 11 0.62 3.34 29 0.58 -0.19 (-0.88, 0.51)
post PSES 1-5 3.14 10 0.40 3.10 23 0.55 0.08 (-0.67, 0.82)
Course Grade 0-4 3.05 11 0.74 2.34 29 1.35 0.58 (-0.13, 1.28)

biases, provide a caveat for generalizing gender differences in the sample to the 

course population.

5.6.2 Gender differences in self-efficacy states

The largest gender difference for self-efficacy states occurred in the focal IE 

physics course where women experienced much lower average self-efficacy (1.57) than 

men (2.25). There was a much smaller gender difference for mean self-efficacy states 

in other STEM courses with women having slightly lower means (2.25) than men 

(2.45). Thus, women experienced the focal IE physics course with much lower self- 

efficacy than the other STEM courses, whereas the difference was relatively small for 

men. The second largest gender difference in experience was for intrinsic motivation 

in the focal IE physics course. Women experienced more extrinsic motivation (1-25) 

than men (1.61). There was a much smaller gender difference in other STEM courses
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Figure 5.4: Students’ affective state experiences by gender and activity. States were 
measured on a 5 point Likert-scale and ranged from 0, not-at-all, to 4, extremely, 
for self-efficacy, stress and activation, fntrinsic motivation ranged from extremely 
extrinsic, 0, to extremely intrinsic, 4. Compared to men, women in IE physics ex
perienced lower self-efficacy, more extrinsic motivation, lower activation, and higher 
stress. Analysis indicated that the large gender differences for self-efficacy states 
were unique to the focal IE physics course. Error bars are one standard error.

with women having more extrinsic motivation (1.47) than men (1.64). Similar to 

self-efficacy, the difference between men’s motivation in the focal IE physics course 

and in other STEM courses was small, whereas women’s motivation was much more 

extrinsic in the focal IE physics course. Consistent with women’s lower mean self- 

efficacy states and more extrinsic-motivation states in the focal IE physics course 

women also experienced greater stress in physics (1.48) than men (1.30) and lower 

activation (1.99) than men (2.13).

Analysis of variance was used to determine if any statistically significant differ

ences existed between male and female students’ experiences. A 2X4 MANOVA 

with independent variables for activity and gender and dependent variables for the
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Table 5.3: MANOVA and ANOVA results the state data.
Gender 

F(df, error df) P
Activity 

F(df, error df) P
Gender X Activity 

F(df, error df) p
MANOVA 5.37(4, 1429) <0.001 335(4, 1431) <0.001 12.8(4, 1431) <0.001

ANOVA Results
Self-efficacy
Activation
Stress
Motivation

8.02 (1, 1432)
3.02 (1, 1432) 

0.002 (1, 1432) 
15.0 (1, 1432)

0.005
0.082
0.964

<0.001

96.8 (3, 1432) 
13.4 (3, 1432)
41.9 (3, 1432) 
337 (3, 1432)

<0.001
<0.001
<0.001
<0.001

13.4 (3, 1432) 
3.02 (3, 1432) 
1.31 (3, 1432) 
2.43 (3, 1432)

<0.001
0.029
0.270
0.064

four affective constructs identified statistically significant effects for gender, activity 

and for the gender X activity interaction, Table 5.3. The statistical significance of 

the gender X activity interaction indicated that there might have been statistically 

significant differences in experience for male and female students for some of the 

affective constructs specific to certain activities. This was tested with univariate 

analysis of variance and was statistically significant on the gender X activity in

teraction for self-efficacy and activation. The analysis for the activity condition is 

discussed in Chapter 4 and elsewhere (Nissen and Shemwell, 2014).

Post hoc analysis further investigated the statistical significance of gender dif

ferences for each affective construct in each activity using two tailed T-tests. Only 

two gender differences were statistically significant outside of the focal IE physics 

course: activation in non-school and motivation in STEM courses, Table 5.4. In 

addition to the large gender differences for self-efficacy states in the focal IE physics 

course being statistically significant so was the moderately large difference for in

trinsic motivation. The small difference for activation was marginally statistically 

significant and the small difference for stress was not statistically significant. These 

results portray a consistent picture of the focal IE physics course having been ex

perienced more negatively by women, with the largest gender difference measured 

for self-efficacy states. In no other activities were there large or consistent gender 

differences in experience.
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Table 5.4: Gender differences in raw experience across activities and affective con
structs. Abbreviations in the first column are: affective construct (Aff), self-efficacy 
(SE), activation (Act), intrinsic motivation (Mot) and stress (Str).

Aff Mean
Female

SD N Mean
Male

SD N d P
Physics

SE 2.57 0.82 82 3.23 0.76 148 0.77 < 0.001
Act 2.99 0.58 82 3.13 0.70 148 0.22 0.09
Mot 2.25 0.56 82 2.61 0.69 148 0.53 < 0.001
Str 2.48 1.12 82 2.30 0.97 148 -0.18 0.22

STEM
SE 3.25 0.73 107 3.41 0.71 126 0.22 0.09
Act 2.99 0.63 107 2.97 0.69 126 -0.03 0.84
Mot 2.47 0.60 107 2.64 0.65 126 0.27 0.04
Str 1.92 0.92 107 1.95 0.87 126 0.04 0.78

Non-STEM
SE 3.36 0.89 62 3.20 0.75 99 -0.20 0.24
Act 2.77 0.67 62 2.73 0.74 99 -0.06 0.71
Mot 2.53 0.91 62 2.68 0.70 99 0.19 0.27
Str 1.85 0.99 62 1.92 0.78 99 0.08 0.64

Non-School
SE 3.88 0.92 326 3.80 0.69 490 -0.10 0.21
Act 2.62 0.82 326 2.87 0.81 490 0.31 < 0.001
Mot 3.76 0.77 326 3.81 0.76 490 0.07 0.30
Str 1.59 0.90 326 1.68 0.82 490 0.10 0.15

Z-score transformed data illustrated the size of the difference in men’s and 

women’s self-efficacy states experienced in the focal IE physics course. We ac

complished this in two steps first by ranking their physics experiences within their 

overall experiences and second by seeing how often their experiences in physics were 

above their average overall experience, Z-score =  0. Women’s experiences in physics 

were amongst their worst self-efficacy experiences overall, with a rank of 21%. Men’s 

mean self-efficacy experiences in physics ranked 14 points higher at 35%. Further

more, with the exception of women’s mean self-efficacy states in physics all other 

mean self-efficacy states in school activities ranked between 35% and 42%; a range 

half the size of the difference between men’s and women’s ranks in physics. Men
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Figure 5.5: Distribution of self-efficacy state experiences in IE physics by gender.

were also two and a half times as likely to have above average self-efficacy states 

in the focal IE physics course, 28% for men versus 11% for women. And the 17 

percent difference in above average self-efficacy states between men and women in 

physics was much larger than the 10 percent range, 28-38%, of self-efficacy states 

experienced above average in all school activities excluding women’s experiences in 

the focal IE physics course.

Female students primarily experienced the IE physics course with low self-efficacy 

whereas male students experiences tended toward high self-efficacy, Figure 5.5. Ap

proximately 1 in 4 of women’s experiences were very low self-efficacy, whereby women 

experienced little to no control, success, or skill. Less than 10% of male students’ 

experiences fell into this very low self-efficacy category. Female students had almost 

no experiences, 1%, of very high self-efficacy states whereas male students had 14% 

of their experiences be very high self-efficacy. These differences in the distribution 

of experience provide further evidence that women experienced much lower levels of 

self-efficacy states in the focal IE physics course than their male peers did.
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5.6.3 R epresentativeness o f trait participants

Male trait participants had higher mean grades (M=2.69, SD=1.28) than male 

non-participants (M=2.10, SD=1.28). Female trait participants had higher mean 

grades (M=2.78, SD=1.26) than female non-participants (M=2.05, SD=1.16). There 

were only small differences between males and females within the trait participant 

and non-participant groups. Univariate analysis of variance with a dependent vari

able of course grade and independent variables for trait participation and gender 

was statistically significant for participation F (l, 218)=8.05, p=0.005 but not for 

gender, p=0.94, or the gender X participation interaction, p—0.77. Similar to Kost 

et al. (2009a) those students who completed all trait measures and who make up the 

data set used to analyze gender differences over-represent high achieving students 

and this trend was similar for male and female students.

5.6.4 Gender differences in the focal IE physics course for trait m ea

sures

Male students started the course with slightly higher self-efficacy traits (3.47) 

than female students (3.29), Table 5. Self-efficacy traits decreased for both male 

and female students with a very small shift for male students to a mean of 3.43, and 

a small shift for female students to a final mean of 3.13. These shifts were small, but 

the larger negative shift for women was consistent with the much worse self-efficacy 

states experienced by women in the IE physics course. The larger negative shift for 

self-efficacy traits for women resulted in the gender gap increasing a small amount 

from d=0.34 to d=0.47.

Consistent with the gender differences for self-efficacy traits, male trait partici

pants’ mean scores were higher than females’ on the pre and post measures for all 

other measures except for course grades. The female trait participants had slightly 

higher grades than the male participants, 2.78 versus 2.68. Gender differences on all
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Table 5.5: Gender differences in trait measures for the focal IE physics course and 
the courses studied by Kost et al. (2009a) and Kost-Smith (2011). * indicates p 
< 0.05 and ** indicates p < 0.01.

Gender Differences; in the Focal IE Physics Course

<1(95% Cl)Scale Mean
Male
N SD Mean

Female 
N SD

Pre-FMCE % 30.0 90 23.0 25.5 27 18.0 0.20 (-0.23, 0.63)
post FMCE % 64.3 90 27.9 52.8 27 27.7 0.41* (-0.02, 0.84)
Pre-CLASS % 64.1 90 15.2 57.9 27 18.5 0.39** (-0.05, 0.82)
post CLASS % 60.8 90 17.5 52.8 27 19.4 0.44** (0.01, 0.87)
Pre-PSES 1-5 3.47 90 0.55 3.29 27 0.54 0.34 (-0.10, 0.77)
post PSES 1-5 3.43 90 0.69 3.13 27 0.46 0.47* (0.03, 0.90)
Course Grade 0-4 2.69 90 1.28 2.78 27 1.23 -0.07 (-0.50, 0.36)

Gender Differences in Other IE Physics Courses
Male Female

Scale Mean N SD Mean N SD d(95%  Cl)
Pre-FMCE % 32.2 1566 21 22 533 16 0.51 (0.41, 0.61)
post FMCE % 67.3 1566 27 56.8 533 29 0.38 (0.28, 0.48)
Pre-CLASS % 65.7 1380 16 63.6 522 15 0.13 (0.03, 0.23)
post CLASS % 56 - - 52.3 - - -

Pre-PSES 1-5 - - - - - - 0.29
post PSES 1-5 - - - - - - 0.36
Course Grade 0-4 2.53 2715 0.99 2.41 848 0.92 0.11 (0.03, 0.19)

measures except course grades, were small to medium in size, 0.20 to 0.47, favored 

male students and increased from pre to post measurement.

We used a 2X7 omnibus MANOVA to identify if there was a main effect of gender 

on trait measures for the trait participants. A secondary purpose was to identify 

if there were also effects for participating in the ESM and for ESM X gender in

teraction that were discussed earlier. Independent variables were student gender 

and participation in the ESM data. Dependent variables were course grade and the 

pre and post measures for the FMCE, CLASS and PSES. The MANOVA showed a 

statistically significant difference for Gender F (7, 107) =  2.85, p=0.009. Statisti

cally significant gender differences identified by the subsequent factorial analysis of 

variance are indicated in Table 5.
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The results for trait measures for both overall scores and gender differences 

in scores were consistent with the results reported for other IE physics courses 

(Kost et ah, 2009a; Kost-Smith, 2011). Means for the measures were mostly very 

similar, d< 0.2, and there was no consistent pattern of one course having higher 

means than the other course. For women the differences greater than 0.2 standard 

deviations were small for the post FMCE, d=0.22, and moderate for both the pre- 

CLASS, d=0.38, and course grades, d=0.40. With the women in the focal course 

having higher grades and post FMCE scores but lower CLASS scores. For male 

students the only noteworthy difference was the small effect on the post CLASS, 

d= 0.27. All other differences were very small. These results indicate mostly small 

and inconsistent differences between the two courses and indicate that the students 

in the courses started and ended instruction similarly.

The gender differences and shifts in gender differences were also similar in the 

two courses. All of the differences favored male students and increased from pre 

to post instruction. While the gender differences on the PSES were very similar 

between the focal and other IE courses those on the CLASS and FMCE had some 

variability. However, this variability can be explained by relatively small differences, 

on the order of one question, between the means for men and women in the two 

courses. Subsequently, we concluded that these courses had similar populations of 

students and that shifts in students’ traits from pre to post instruction were similar.

5.7 Discussion

While learning physics, women did not experience high self-efficacy states, as 

men sometimes did. Instead women frequently experienced low or very low self- 

efficacy states, and correspondingly, their self-efficacy traits were significantly re

duced from pre to post course. Men, by contrast, had very small negative shifts in
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their self-efficacy traits, consistent with the higher levels of self-efficacy states that 

they experienced. Furthermore, there was no other activity in which either men 

or women had such low self-efficacy states as women experienced in the focal IE 

physics course. Supporting the validity of our self-efficacy measures is the finding 

that the gender differences we observed were consistent with gender differences on 

the complementary measures, both state and trait. This is especially true for state 

measures, which showed that women experienced the focal IE physics course with 

less activation, more extrinsic motivation and greater stress than men. For traits, 

similar to self-efficacy, gender differences increased for conceptual knowledge and 

attitudes about learning physics. Thus, our overall conclusion is that the larger 

negative shift in women’s self-efficacy traits in the physics course was caused by the 

experience of instruction in which women’s self-efficacy states were much worse than 

men’s.

Earlier we brought up three alternative explanations for the larger negative shift 

in women’s self-efficacy traits: that they were the result of a broad trend across many 

college courses, that they were a result of differences in experience in marginal activ

ities in physics learning or that there was no difference in experience only a difference 

in retrospection. Our findings demonstrate all three alternative explanations had 

little to do with the disparate effects on women’s self-efficacy. Most importantly, 

there was no indication that the larger negative shift in women’s self-efficacy traits 

was a part of a larger trend. The large gender differences in self-efficacy states only 

occurred in the focal IE physics course and did not occurr in other STEM courses. 

Secondly, while it is possible that women experience marginal activities in physics 

learning differently than men, the large differences that we measured for much more 

common activities make it unlikely that marginal experiences play a more impor

tant role than the experience of learning physics that we measured. Lastly, the large
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gender differences in the experience of learning physics ruled out the possibility that 

the larger negative shifts were due only to differences in retrospection.

Based on the similarity of the focal IE physics course to other IE courses and the 

consistency between the large gender differences in self-efficacy states and concurrent 

larger negative shift in women’s self-efficacy traits in the focal course we think 

it is probable that similar gender differences in self-efficacy states exist in other 

physics courses using either IE or traditional instruction. This is supported by most 

investigations revealing that IE and traditional lecture physics courses had larger 

negative impacts on female students’ self-efficacy traits (Kost-Smith, 2011; Sawtelle 

et al., 2010; Cavallo et ah, 2004; Lindstrom and Sharma, 2011). To be sure, there 

may have been something idiosyncratic to the focal course that was depressing 

women’s self efficacy in our study, something that would not be a regular feature 

of other IE physics courses. An important example of course idiosyncrasies are 

differences between instructors, which can cause large differences in how students 

experience otherwise similar courses (Sanders and Horn, 1994). Given that the 

present study focused on a single IE physics course we cannot firmly rule out the 

possibility that idiosyncrasies in that course uniquely affected women’s experiences. 

However, if idiosyncrasies uniquely affected women’s self-efficacy states then the 

self-efficacy trait outcomes for the focal IE physics course should have been more 

severe than in other IE physics courses. In fact, the self-efficacy trait outcomes for 

the focal IE physics course featured in this study were similar to other IE physics 

courses, suggesting that this course was representative of IE physics instruction in 

general. Furthermore, the focal course had similar conceptual learning outcomes to 

other courses implementing IE pedagogies (Madsen et al., 2013; Kost et al., 2009a; 

Hake, 1998) and had similar gender differences to other IE physics courses on all 

four trait measures including: conceptual knowledge, self-efficacy traits, attitudes 

about learning physics and course grades (Kost et al., 2009a; Kost-Smith, 2011).
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Although our favored explanation is that the IE physics instruction negatively 

impacted women’s self-efficacy, two alternative explanations bear discussing. Both 

attribute the cause of the effects to the female students rather than to the learning 

environment. First, it may be that the gender differences in state experiences were 

not a result of gender per se, but rather a result of the trait factors that varied 

with gender, namely female students’ lower conceptual knowledge, less expert-like 

attitudes and lower self-efficacy traits at the beginning of the course. In Chapter 6 

I checked on this possibility using regression analysis to determine whether gender 

explained significant variance in mean self-efficacy states when controlling for trait 

effects. The results were that gender was the largest predictor of an individual’s 

average self-efficacy state experiences while controlling for traits. Thus, there was 

something about being a woman in physics, over and above the measured physics 

traits, that made the experience of IE physics harmful to women’s self-efficacy. A 

second alternative explanation, particularly for the large gender difference in self- 

efficacy states, can be attributed to the recruitment process. It is possible that 

recruiting students in their IE physics class biased the sample by attracting female 

volunteers who were particularly interested in having their negative experiences in 

physics be understood. The recruitment process did not indicate that the study was 

about students’ emotions or feelings to limit this possibility. Nevertheless, students 

could easily have inferred that our study of “experiences” would include affect, so the 

possibility of sample bias cannot be ruled out. The results reported for self-efficacy 

traits, however, provide some evidence that, if there was sample bias, it was in a 

conservative direction. Namely, female ESM participants had smaller negative shifts 

pre to post course than female non-ESM participants and women’s low self-efficacy 

states were evenly distributed across a sample of one in four women in the course 

who over-represented higher-achieving women. Thus, even if the sample were biased 

these results apply to a significant subpopulation of women taking physics.

115



www.manaraa.com

W hat is it about IE physics instruction that is harmful to women’s self-efficacy? 

STEM courses naturally have many features in common with physics in terms of 

physical environment, course structure, assignment of grades and so on. It is the na

ture of instruction and subject matter that varies most from course to course. One 

possibility is that there is something about the domain content in physics that some

how makes women feel less efficacious than does the content of other introductory 

courses such as mathematics, chemistry, and engineering principles. Along these 

lines Taasoobshirazi and Carr (2008) suggested that women may be disadvantaged 

in physics because of its emphasis on spatial thinking, which interacts with gender 

differences in spatial ability. The results of the present study are only partially con

sistent with this interpretation in that men did exhibit higher scores on conceptual 

knowledge than women. However, contrary to this interpretation, women ended the 

course similar to men with respect to grades. Thus, it is not obvious that men were 

leveraging their presumably higher average spatial ability very well. Meanwhile, as 

reported earlier in this article modeling instruction physics courses tentatively do 

not negatively impact students’ self-efficacy traits or provide for differential shifts 

between men and women. Therefore, we think that pedagogy likely plays a larger 

role than subject m atter in the observed effects within IE Physics.

5.8 Conclusion

Here we have used the ESM to situate the experiences of interest, self-efficacy in 

physics, within the breadth of experience while minimizing the effects of retrospec

tion. This demonstrated how the ESM can be scaled to capture a large collection 

of experiences across a broad range of activities for a large number of participants. 

These features complement and bridge the fine-grained detail that can be achieved 

with case studies using interviews or video analysis and the large-scale data that
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surveys provide. The present study did not allow us to conjecture about which 

aspects of physics pedagogy substantially impacted student’s experiences, however, 

different designs leveraging the strengths of the ESM in combination with other 

methods can achieve this goal. For instance a useful form of research to identify the 

possible causal relationships and mechanisms between specific aspects of instruction 

and student experience would be case studies detailing the experiences of ESM par

ticipants whose self-efficacy states fell in either of the extremes. A second approach 

would be to use a similar design to the present study, but with a larger sample of 

experience, to increase the resolution of the ESM. This would allow investigating 

self-efficacy states within specific aspects of instruction, such as answering clicker 

questions in lecture, and linking these experiences to students’ shifts in physics 

self-efficacy traits. Both of these approaches would benefit from collecting data in 

multiple courses and across different pedagogies.

The poor experiences, poor outcomes and underrepresentation of women in 

physics warrants future research to inform addressing and resolving these issues. 

Many students leave STEM and physics because of their poor experiences and de

spite being fully capable of succeeding in the material (Seymour and Hewitt, 1997). 

By physics instruction undermining women’s self-efficacy traits, physics instruction 

is also likely undermining women’s performance, persistence and selection of physics 

as a major. Here we have shown that self-efficacy is important to understanding the 

underrepresentation of women in physics. Developing physics instruction that sup

ports positive self-efficacy states is a starting point for instruction that supports all 

students in meeting both the affective and the cognitive demands of learning physics, 

especially the development of self-efficacy traits. Such instruction is necessary for 

physics to inclusively support diverse populations of students (Redish et al., 1998; 

Hazari et al., 2007). Otherwise, physics is likely to continue to lag behind other
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STEM disciplines in diversity, threatening its survival as a major subject of study 

as it becomes an anachronism in an ever more diverse world.
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Chapter 6

EQUITY OF GENDER DIFFERENCES IN SELF-EFFICACY

The large gender difference in self-efficacy states experienced in the focal IE 

physics course that I report on in Chapter 5 indicated that the physics-learning 

environment does not equitably impact male and female students. Interpreting this 

difference in experience as an inequity is supported by the resultant increase in the 

gender differences in self-efficacy traits from pre to post instruction that is in part 

caused by the difference in experience. The increase in the gender difference in self- 

efficacy traits is an example of inequity in how the physics-learning environment 

impacts men and women. It is possible, however, that the large difference in self- 

efficacy states experienced in the focal IE physics course was not explicitly the result 

of gender, but was instead the result of pre-existing gender differences. Determining 

the extent to which each of these two possibilities, the learning environment and 

the pre-existing differences, were the sources of the gender difference in experience 

is important because it can inform how best to approach resolving these differences.

Before investigating the issue of equity it is necessary to lay out the possible 

interpretations of what equity is (Rodriguez et al., 2012). A starting point is to 

clearly state that equity is not the increase in the size of differences favoring the 

advantaged group. For example, IE physics does not equitably impact male and fe

male students because, as I have shown in Chapter 5 and has been reported by Kost 

et al. (2009a) and Kost-Smith (2011), gender differences tend to increase from pre to 

post instruction in IE physics courses for self-efficacy traits, conceptual knowledge 

and attitudes about learning physics. Rodriguez et al. (2012) discusses two models 

of equitable outcomes that are applicable to interpreting the gender difference in 

self-efficacy states. Equity of parity is achieved when pre-existing differences are
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eliminated. In the case of self-efficacy states equity of parity would occur if male 

and female students had similar experiences while learning physics in spite of pre

existing differences. Equity of fairness is achieved if the actual gender differences in 

experience were similar to the gender differences in experience that were predicted 

by the pre-existing trait differences. If predicted and actual experiences were similar 

then gender would not be a categorical factor in student experiences, and the focal 

IE physics course could be said to be fairly experienced by male and female students. 

Thus, these two types of equity can be located on a spectrum with inequity. Inequity 

and equity of parity are on opposite ends of the spectrum and equity of fairness lies 

somewhere between them. This spectrum follows from inequity increasing differ

ences, fairness maintaining differences and parity eliminating differences. My goal 

in this chapter is to locate the learning environment of the focal IE physics course 

on this continuum of equity in terms of the self-efficacy states that were experienced 

in that physics-learning environment.

In pursuit of this goal I asked the following research question:

• To what extent is the gender difference in mean self-efficacy states predicted 

by students’ pre-course traits?

If the gender differences in experience were mostly predicted by students’ pre

course traits then this would locate the physics-learning environment as fair on the 

equity spectrum. A fair learning environment would indicate that both efforts to 

improve the learning environment and efforts to minimize the gender differences in 

traits prior to introductory college physics instruction were warranted to address 

these gender inequalities. In contrast, if the gender difference in experiences is a 

result of inequity this would indicate that there is a strong need to improve the 

physics-learning environment if the underrepresentation of women in physics is to 

be addressed.
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6.1 Design of the analysis

The first step I took to investigate the equity in the focal IE physics course was 

to select the pre-course traits that would act as independent variables in predicting 

students’ self-efficacy states in the focal IE physics course. Because not all ESM 

participants completed all of the pre-course trait measures, this step also involved 

selecting the population of ESM participants to include in the analysis. I sought to 

maximize the number of participants included in the analysis and to not skew the 

results of the analysis in a biased way. Therefore, I used correlations between the 

variables and several iterations of multiple linear regressions (MLR) to select the 

variables that balanced the information they provided with the largest population 

of participants.

All MLR models investigated mean self-efficacy states as the dependent variable, 

Equation 6.1, which is accepted practice in ESM studies (Hektner et al., 2007). 

Each model also included gender as the first independent variable entered as a 

dummy variable with 0 for males and 1 for females. As subsequent models included 

additional trait variables the shift in beta for the gender variable demonstrated how 

much of the gender differences were accounted for by those additional traits. If the 

beta for gender were to be near zero this would indicate that the course had equity 

of fairness. If the beta for gender were to become positive this would indicate that 

the gender differences were mitigated and that the course fell between fairness and 

parity in terms of equity. I limited the independent variables to pre-course trait 

data in order to investigate the extent to which the gender difference in experience 

was related to the traits students brought to the course rather than the traits that 

they developed in the course.

N

M ean S E  state =  /3q + j3\ x Gender +  At x VAR^  (6.1)
k=2
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I calculated means and standard deviations for all state and trait data for male 

participants, female participants and in total. The means facilitated interpreting the 

betas that were generated by the MLR because it gave a size of the gender differences 

on these measures. The standard deviations facilitated interpreting the standardized 

betas because they are normalized in terms of the total standard deviation for that 

variable. I calculated the correlations between the variables in order to inform the 

strength of the relationships between the variables. I added independent variables 

to the MLR in order of highest correlation with mean self-efficacy states.

The data met all of the assumptions of MLR, which are detailed in Chapter 2.

6.2 Selecting variables for the M LR analysis

Twenty-eight of the thirty-three ESM participants provided data for all three of 

the pre-course trait measures: FMCE, CLASS and PSES. Of the five students who 

did not provide all pre-course trait data one male did not provide either CLASS 

or PSES scores, three males did not provide FMCE scores and one female did not 

provide PSES data.

After completing several iterations of MLR with all possible combinations of the 

CLASS, FMCE and PSES I decided to not include the PSES in the final analysis. 

The MLR analysis revealed that the PSES did not provide any additional infor

mation above and beyond that provided by CLASS and FMCE. I have included a 

fourth model with the PSES and limited to 28 participants in Table 6.3 to illustrate 

the limited additional information the PSES provided. By excluding the PSES from 

the MLR I was able to include 29 of the 33 ESM participants.

Correlations between students’ mean self-efficacy states and the pre-course traits 

were strongest for the CLASS followed by the FMCE, Table 6.1, and this is the order 

1 entered these independent variables into the MLR analysis.
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Table 6.1: Correlations between mean self-efficacy states and pre-course traits. Cor
relations are for all 33 ESM participants with the number of participants included 
in each correlation indicated in parenthesis. * indicates p<0.05 and ** indicates
p<0.01.

1. 2. 3. 4~
1. SE State
2. Gender -0.47** (33)
3. CLASS 0.47** (32) -0.46** (32)
4. FMCE 0.40* (30) -0.33 (30) 0.20 (29)
5. PSES 0.31 (31) -0.26 (31) 0.57** (31) 0.08 (28)

Table 6.2: ESM participants’ grades and mean self-efficacy for those included in the 
multiple linear regression by gender.

Measure Male non-MLR Male (MLR) Female
N 4 16 13

Mean (S.D.) Mean (S.D.) Mean (S.D.)
Grade 2.48 (1.65) 3.19 (0.95) 3.05 (0.95)
Self-Efficacy 1.79 (0.27) 2.38 (0.72) 1.58 (0.61)

P a r tic ip a n ts  an d  A ttr itio n

The four male ESM participants that I did not include in the analysis because 

they had not provided the necessary pre-course traits had lower mean self-efficacy 

states and lower course grades than the male ESM participants that I did include in 

the analysis, Table 6.2. The attrition of these male students with lower self-efficacy 

states brings into question the representativeness of the relationships that the subse

quent MLR revealed because it increased the gender difference in self-efficacy states. 

However, because the purpose of the MLR was to investigate how much the beta 

for gender changed, and not the size of that beta, it is likely that this shift will have 

little effect on the resultant analysis. In order to test the representativeness of the 

findings I replicated the first two MLR models with this larger group of 32 students 

to investigate the extent to which the shift in the beta for gender that resulted from 

including the CLASS in the model was similar between the two populations.
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Table 6.3: Means and standard deviations for pre-course traits used in the MLR.
Measure Male (16) Female (13) Total (29)

Mean (S.D.) Mean (S.D.) Mean (S.D.)
CLASS (%) 72.3 (14.0) 55.8 (19.4) 64.9 (18.4)
FMCE {%) 33.1 (18.1) 22.7 (10.3) 28.4 (15.7)

The male students included in the MLR started the course with moderately 

higher levels of conceptual knowledge and much more expert-like attitudes about 

learning and doing physics than the female students, Table 6.2. The standard de

viation for the CLASS was slightly higher than for the FMCE which will make the 

standardized beta differ from the non-standardized beta more for the FMCE than 

for the CLASS.

6.4 Results: The role o f trait gender differences in self-efficacy state  

gender differences

I built three models, shown in Table 6.4, to demonstrate the relationships that 

were found between mean self-efficacy states, gender, pre-CLASS and pre-FMCE. 

Each model follows Equation 6.1 and included gender in order to determine how 

much of the gender differences in mean self-efficacy states were explained by pre

course traits. I included a fourth model that added PSES to the prior three models 

to illustrate that doing so provided no additional information to the prior models.

The upper portion of the MLR table describes the model overall. The variance 

explained, row 2, describes the overall explanatory power of that model. The ad

justed variance, row 3, describes the overall explanatory power of the model taking 

into account the fact that adding additional variables can exaggerate the explana

tory power of the model. 1 included both because the variance, row 2, is a better 

measure for comparing the additional information that is provided by the additional 

variables in each model. The p value, row 4, for the model describes the statistical
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reliability of the model overall. The lower half of the model provides information 

for each of the betas in the model. The beta for the constant is the intercept for 

that model with all other independent variables at zero. The beta for each inde

pendent variable describes how much a one-unit change in that variable will change 

the dependent variable. The standardized beta describes how much a one standard 

deviation change in that independent variable will change the dependent variable. 

Together, both of these betas are useful for interpreting the relative impact of each 

variable because they show how much and, to a degree, how easily each independent 

variable can effect the dependent variable. The p value for each beta describes the 

reliability of that beta within the model.

1 have included the statistical significance for each beta to provide insight into 

the strength and reliability of the relationships. However, as Berk (2003) points 

out MLR is useful for investigating the relationships between variables even when 

statistical significance of the results cannot be assured. Therefore, I focused on the 

change in the overall variance explained by the model and the shift in the beta for 

gender that resulted from the inclusion of each variable to determine the additional 

information provided by adding that variable.

Model 1 only included gender. This model shows the size of the gender differences 

for self-efficacy states and the variance explained by this model provides a baseline to 

compare subsequent models to. Female students experienced 0.81 units lower mean 

self-efficacy states in the IE physics course than male students on a 0 to 4 scale and 

this model explained 27.8% of the variance in the mean self-efficacy states. In Model 

2 the addition of pre-course CLASS scores added substantively to the model, and 

raised the variance explained by 7.5% to 35.3%. Pre-course CLASS traits reduced 

the role of gender to 73.5% of the original effect. In Model 3 I added pre-course 

FMCE scores to those predictors included in Model 2. The inclusion of pre-course 

FMCE scores reduced the gender difference to 59.4% of that in Model 1 and raised
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Table 6.4: Multiple linear regression analysis results. Note that model 4 was used 
to illustrate the limited additional information the PSES provided and included one 
less participant than the other models.

Model 1 2 3
Variance 
Adj. Var. 
P

0.278
0.251
0.003

P P s t d P

0.353
0.303
0.004

P P s t d P

0.404
0.333
0.004

P P s t d P
Constant
Gender
CLASS
FMCE
PSES

2.389
-0.811 -0.527

0.001
0.003

1.447
-0.596
0.013

-0.387
0.307

0.001
0.038
0.095

1.099
0.482
0.012
0.012

-0.313
0.292
0.242

0.001
0.095
0.105
0.153

Model 4* N =28
Variance 
Adj. Var. 
P

0.403
0.299
0.015

P P s t d P
Constant
Gender
CLASS
FMCE
PSES

1.814
-0.465
0.011
0.012
0.104

-0.297
0.258
0.238
0.070

0.079
0.135
0.250
0.177
0.727

the explained variance by 5.1% to 40.4%. These findings demonstrate that gender 

was the most important predictor of mean self-efficacy states experienced in the focal 

IE physics course. Taking into account the attitudes and conceptual knowledge that 

students had at the beginning of the course only accounted for 40.6% of the gender 

difference in how they experienced the course. This strongly suggests that the focal 

IE physics course was inequitable and biased in how it was experienced by women.

6.5 Results: R epresentativeness o f the M LR analysis

In the following analyses I investigate the representativeness of the above MLR 

analysis. To do this I included all 32 students who provided ESM data and CLASS 

data by including the three male ESM participants that did not provide FMCE 

data. Model Rep. 1, Table 6.5, had a smaller gender difference than in Model 1, 

Table 6.4. Women experienced 0.72 units lower self-efficacy states in the focal IE
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Table 6.5: MLR models to investigate the representativeness of the 29 participants 
included in the analysis. These models included the 32 students who provided ESM 
data and pre-CLASS scores.

Model Rep. 1 Rep. 2
Variance 
Adj. Var. 
P

0.232
0.207
0.005

0.312
0.265
0.004

0 fistd P 0 ftstd P
Constant 3.300 - 0.001 2.337 - 0.001
Gender -0.722 -0.482 0.003 -0.505 -0.337 0.061
CLASS - - - 0.013 0.318 0.076

physics course than male students. This was 89% the size of the gender gap found 

in the earlier analysis, which was 0.81 units. In Model Rep. 2 the beta for gender 

was reduced to 70.0% of that in Model Rep. 1. This was similar in size but slightly 

larger than the reduction of 73.5% from Model 1 to Model 2 in the earlier analysis. 

If FMCE scores had been available it is likely that they would have had a similar 

or smaller effect on the findings in the earlier models since the FMCE was not as 

strongly related to mean self-efficacy states as the CLASS was. Therefore it is likely 

that the findings in the earlier analysis that pre-course traits explained only 40.6% of 

the gender difference in self-efficacy states was representative and reliably identified 

the focal IE physics course as having an inequitable and biased effect on how women 

experienced learning physics.

6.6 D iscussion

Female students started the physics course with less expert-like attitudes about 

learning physics and lower conceptual knowledge than male students. These two 

pre-course traits predicted some of the difference in the self-efficacy states that men 

and women experienced in the focal IE physics course. In total, however, they ex

plained less than half of the difference in experience. An alternative interpretation of
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the size of the gender difference in the mean self-efficacy states students experienced 

in the focal IE physics course was that they were more than double the difference 

predicted by students’ pre-course traits. That the pre-course traits predicted less 

than half of the gender difference in self-efficacy states is a strong indication that 

the physics-learning environment was inequitable in that it was detrimentally biased 

against women. This locates the source of this bias, at least in part, within stu

dents common experiences in the physics-learning environment rather than in more 

marginal aspects of experience like receiving course grades.

Given that this was a relatively small study in terms of the number of partici

pants, the number of background variables included and the focus on one IE physics 

course, I took steps to inform the representativeness of these findings. All of these 

steps indicated that these findings were representative of the students’ experiences 

in the focal IE physics course and in IE physics courses in general. One concern 

remaining is that the small sample of students left the MLR analysis with limited 

statistical power, leaving open the question of the reliability of many of the rela

tionships in the models; this can be seen by the p value for gender increasing from 

Model 1 to Model 3. However, it is unlikely that the result that the physics-learning 

environment was inequitable was so unstable as to grossly misrepresent the status of 

equity in IE physics instruction given that the gender difference in self-efficacy traits 

increased for a much larger sample of students both in the focal IE physics course 

and in other IE physics courses (Kost-Smith, 2011). A larger sample of students in 

IE physics courses could identify how stable and reliable the relationships between 

self-efficacy states, gender and students’ pre-course traits are. Further investigations 

including physics courses using different teaching practices could also inform the role 

of the IE instruction in these relationships

Further limiting these findings was the pre-FMCE scores having had a relatively 

small range and limited variance for female students, which may have limited the
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variance in the mean self-efficacy states that the pre-FMCE scores could explain. 

This limited variance in pre-FMCE scores raises the possibility that other measures 

of prior knowledge could better explain variance in the mean self-efficacy states 

students experienced since self-efficacy and performance are consistently related in 

physics (Sawtelle et al., 2012a; Kost-Smith, 2011; Cavallo et al., 2004). Other mea

sures of performance could include prior physics course grades, mathematical ability 

or college GPA. It is also possible that other traits that were not measured were 

particularly germane to women’s self-efficacy state experiences such as women’s 

endorsement of gender stereotypes in science, contentment with their gender, m ath

ematical ability or spatial ability. I was unable to include these other measures in 

this study because of the extensive nature of the data collection. Notwithstanding 

these limitations, the relationships that I found indicated that the learning environ

ment in the IE physics course strongly favored male students beyond what would 

be expected based on the advantages those male students started the course with.

I expected the pre-course physics self-efficacy traits to be significant predictors 

of the self-efficacy states students experienced in the focal IE physics course. In

stead the pre-course self-efficacy traits were not strongly related to student’s mean 

self-efficacy state experiences and did not add substantively to the models of self- 

efficacy state experiences. Nonetheless, there was a positive moderate relationship 

between the pre-course self-efficacy traits and the students’ mean self-efficacy states 

consistent with the expected relationship. It is possible that this relationship was 

not as strong as the relationships with the other pre-course traits because students 

did not have stable physics self-efficacy traits prior to instruction in this physics 

course. This could have been the case because students likely had very few experi

ences in physics courses similar to the focal IE physics course. This possibility was 

supported by students’ low conceptual knowledge at the beginning of the course, 

which was consistent with most students not having experienced physics instruction
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similar to the instruction in the focal IE physics course. The potential instabil

ity of students’ pre-course self-efficacy traits aligns with mixed findings about the 

relationship between achievement and physics self-efficacy in introductory college 

physics courses. Kost-Smith (2011) found a relationship between students’ course 

test grades and their self-efficacy beliefs. Lindstrom and Sharma (2011), in contrast, 

found a relationship between self-efficacy and performance only after students’ self- 

efficacy traits had developed over several months of physics instruction. Both my 

findings and the mixed results in these prior studies suggest that a more robust and 

reliable measure of students’ pre-instruction self-efficacy traits that are applicable 

to physics learning should be investigated in order to further explore the role of 

self-efficacy traits in the experiences students have while learning physics.

6.7 Conclusion

Female students tend to start college physics courses at a disadvantage in terms 

of their cognitive and affective traits. College physics instruction fails to mitigate 

or even just maintain these differences and instead the experience of instruction 

perpetuates and grows these differences. There is evidence that gender inequities 

common in college physics courses may be mitigated by IE instruction (Kost et al., 

2009b). However, the large gender difference in the self-efficacy states experienced 

in the focal IE physics course and the similarity of the focal course to other IE 

physics courses indicate that physics instruction has a long way to go before an 

equity of fairness, in which gender differences do not grow, is achieved. One option 

for informing how to improve equity in physics is to investigate research-based in

struction that demonstrates at least equity of fairness. These courses could be used 

to identify practices that support equity. If equity in college physics instruction is 

not addressed physics will continue to dramatically underrepresent women and will
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continue to stand out as one of the least diverse science disciplines (National Science 

Foundation, 2012).

In order for physics to recruit and retain a larger and more diverse population of 

students, physics instruction must support students with diverse backgrounds, skills 

and abilities. Students should be supported in attaining the content knowledge 

and skills they need to succeed and in developing the expert attitudes and self- 

efficacy traits that will sustain their perseverance in physics learning. Efforts to 

support student development of these important characteristics should focus on the 

experiences students have while they learn physics as these experiences are the source 

of many of these characteristics.
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Chapter 7 

SUM M ARY

Findings from across all of the chapters indicated that female students expe

rienced much lower self-efficacy states than men in physics and only in physics, 

and these gender difference were more than twice as large as those predicted by 

students’ pre-course traits. Subsequently, women had much more negative shifts in 

their self-efficacy traits than men. Taken altogether these findings indicated that the 

physics-learning environment in the focal IE physics course was a significant cause of 

the negative impact on female students’ self-efficacy. The shift in self-efficacy traits 

located this effect as a result of physics instruction, and the low self-efficacy states 

experienced in physics located the effect directly in the physics-learning environ

ment. Furthermore, the much lower self-efficacy states that women experienced in 

physics than in other STEM courses indicated that this negative effect was neither 

an epiphenomenon of a larger trend nor a consequence of differences in retrospection.

That the gender difference in self-efficacy states was much larger than that pre

dicted by students’ pre-course traits indicated that the negative impacts on women’s 

self-efficacy were consequences of inequities in the physics-learning environment. 

The difference between men’s and women’s self-efficacy states were more than twice 

those predicted by pre-course traits. The size of this difference indicated that not 

only did the physics instruction in the focal IE physics course perpetuate pre-existing 

gender differences, but the physics instruction increased those differences. Further

more, the gender differences for conceptual knowledge, attitudes and self-efficacy 

traits all increased from pre to post instruction. Taken altogether these increases in 

gender differences for traits and states indicated that the physics-learning environ

ment in the focal IE physics course perpetuated and amplified gender differences,
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and that a source of this inequitable effect was students’ experiences in the physics- 

learning environment.

Investigating the effect of physics instruction on students’ self-efficacy directly 

in the physics-learning environment required developing a measure of self-efficacy 

states. A review of the prior research during the development of my own research 

revealed no previous study that used the ESM to measure self-efficacy states. There

fore, it was necessary for me to develop and validate the self-efficacy state measure. 

I developed the self-efficacy state construct by using Bandura’s (1997) description 

of self-efficacy to identify three Likert-scale questions used in prior ESM studies 

that were consistent with self-efficacy: skill, control and success. Validity was sup

ported by these three principle questions uniquely and strongly loading on the same 

construct. Further evidence of the validity of the self-efficacy state construct was 

provided by the relationships between self-efficacy states and the complementary 

states matching those that I expected. Additional evidence was also provided by 

the consistency between the gender differences for both the self-efficacy state and 

trait measures. Women had more negative shifts in their physics self-efficacy traits 

than men and women experienced much lower self-efficacy states in physics than 

men. Taken together these results indicated that the ESM provided a reliable and 

valid measure of students’ self-efficacy states.

In developing and validating a measure of self-efficacy states I sought to address 

a discrepancy in how self-efficacy has been historically described, as a state-like 

dynamic property, and how it has been measured, often as a static trait-like prop

erty. Measuring self-efficacy states within the activity at hand in peoples’ daily 

lives provides a method for investigating how self-efficacy develops and the role of 

self-efficacy in daily life. In this research I have focused on physics learning, but 

self-efficacy pervades daily life and the self-efficacy state measure can substantially 

contribute to understanding the role of self-efficacy in human agency.
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For conceptual knowledge, attitudes and self-efficacy traits the shifts in students’ 

scores and the shifts in gender differences in the focal IE physics course were similar 

to those in the IE physics courses studied by Kost et al. (2009b) and Kost-Smith

(2011). The focal IE physics course used the same research-based materials and 

strategies as those used in other IE physics courses. These similarities indicated 

that the negative impact on female students’ self-efficacy in the focal IE physics 

courses was likely representative of IE physics in general. Furthermore, research- 

based teaching practices, including IE physics, tend to better support students’ 

cognitive and affective outcomes (Kost et al., 2009a; Brewe et al., 2009; Sawtelle 

et al., 2010; Madsen et al., 2013; Hake, 1998) and are less biased against women 

(Madsen et al., 2013; Sawtelle et al., 2010; Brahmia, 2008) than traditional lecture- 

based instruction. Therefore, the biased and negative impact on women that I 

found in the focal IE physics course likely represents a best-case scenario for the 

effects of traditional lecture-based introductory college physics courses on women’s 

self-efficacy.

7.1 U sing stereotype threat to  inform the scope of the physics-learning 

environm ent

One possible source of the large gender difference in self-efficacy states in the 

focal IE physics course that bears discussing is stereotype threat. Stereotype threat 

is an extra-pressure that individuals in negatively stereotyped groups experience in 

activities where they could confirm that stereotype. For example, women or African 

American students in mathematics courses. This pressure takes two forms: negative 

emotions while engaged in the activity that consume cognitive resources that would 

otherwise be available and an incentive to disengage from the stereotyped domain 

(Aronson et al., 1999). Through these pressures, stereotype threat undermines per
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formance (Aronson et al., 1999) and learning (Rydell et al., 2010; Mangels et al., 

2012). In physics, stereotype threat has been used to investigate and mitigate the 

underperformance of women in introductory physics courses (Miyake et al., 2010) 

and the underrepresentation of women in physics (Deemer et al., 2014). Stereotype 

threat is salient to the gender differences in self-efficacy in physics that I found in 

this study because, as I discussed in Chapter 2 and confirmed in Chapter 3, stress 

and self-efficacy states are related and stress is one of the negative emotions that 

blocks learning under stereotype threat (Mangels et al., 2012). Furthermore, self- 

efficacy traits may mitigate the effects of stereotype threat (Deemer et al., 2014). 

The measure of self-efficacy states that I developed and validated in this research 

may be a useful tool for investigating the mechanisms by which stereotype threat 

impacts students in the learning environment. A necessary first step in this research 

would be to directly tie self-efficacy states to stereotype threat conditions through 

an experimental design study investigating student experiences in simulated class

room activities, such as completing Tutorials in Introductory Physics or answering 

clicker questions in a Peer Instruction format, under control and stereotype threat 

conditions.

The research on stereotype threat is also useful for illustrating the aspects of the 

physics-learning environment that may have contributed to the poor self-efficacy 

states women experienced. These include student characteristics and environmental 

characteristics, with environmental characteristics including the immediate social 

and physical environment and the more distant cultural environment in which it is 

nested. Student characteristics including social identity and self-efficacy can influ

ence their susceptibility to stereotype threat (Schmader, 2002; Deemer et al., 2014). 

Immediate environmental characteristics include: working solo and how tests are 

administered. When student groups consisted of only one female participant that 

female tended to do worse than women in groups with multiple female partici
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pants (Sekaquaptewa and Thompson, 2003; Inzlicht and Ben-Zeev, 2000). In upper- 

division mathematics courses tests that were presented as assessments of ability 

undermined women’s performance such that men and women performed similarly 

(Good et al., 2008). When students were told that these tests were free of gen

der bias women outperformed men. In terms of the broader culture, cultures with 

greater gender egalitarianism will have fewer gender stereotypes and less negative 

impacts on women’s performance (Lippa et al., 2010). One factor that manifests 

itself in the students, the immediate environment and the larger culture are beliefs 

about the fixedness of intelligence, as opposed to intelligence being malleable (Dweck 

and Leggett, 1988). Students who perceive intelligence to be more fixed are more 

susceptible to stereotype threat (Aronson et al., 2002). In immediate environments 

in which interventions focus on intelligence being malleable students are less sus

ceptible to stereotype threat (Aronson et al., 2002). In terms of the larger culture, 

the extent to which academic domains ascribe to a fixed intelligence theory predicts 

the number of women in those domains (Leslie et al., 2015). The causes of women’s 

poor self-efficacy states in physics likely dwell in each of these aspects, or across 

many of them. Thus, future research on students’ experiences in physics will need 

to investigate a broad range of variables, just as stereotype threat research has.

7.2 Im plications for instruction

The negative effect of physics instruction on women’s self-efficacy that I found in 

the focal IE physics course was consistent with physics being one of the smallest and 

least diverse STEM majors (National Science Foundation, 2012). Since self-efficacy 

directly effects students’ interest in pursuing STEM majors (Luzzo et al., 1999) and 

is related to students’ choice of STEM majors (Betz and Hackett, 1983; Marra and 

Bogue, 2009), harming women’s self-efficacy in physics likely decreases the likelihood
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of women selecting a physics major. Furthermore, self-efficacy directly effects cog

nitive performance (Bouffard-Bouchard, 1990), partially explains gender differences 

in physics conceptual knowledge (Kost-Smith, 2011) and predicts students’ perfor

mance in introductory physics courses (Kost-Smith, 2011; Sawtelle et al., 2012a). 

Subsequently, it seems likely that harming women’s self-efficacy will harm their abil

ity to gain the knowledge that will support them in their future learning, and may 

also decrease women’s opportunities to pursue physics degrees by potentially de

creasing the number of women that pass introductory physics courses. Therefore, it 

stands to reason that self-efficacy is a significant factor in the underrepresentation 

of women in physics.

Given the likely importance of self-efficacy in the underrepresentation of women 

in physics some instructors may want to assess the impact of their courses on stu

dents’ self-efficacy. Instructors could use a self-efficacy trait instrument to measure 

shifts in students’ self-efficacy traits across instruction. This could be a complete 

instrument that would provide information on many aspects of self-efficacy such as 

the PSES or a smaller collection of questions on a broader instrument such as the 

problem solving confidence questions on the CLASS. Given that I found the negative 

impact on women to occur in the physics-learning environment, physics instructors 

may alternatively want to use a formative measure of students’ self-efficacy states. 

This formative measure could be accomplished by asking students how confident, 

successful, skillful or in control they feel in their ability to learn the topic at hand. 

These questions could be asked in class as a clicker question or with some other 

polling mechanism, or they could be asked on assignments.

The largest difficulty in addressing inequities in self-efficacy is that so little is 

known about the characteristics of the situation that lead to very low or very high 

self-efficacy states. Though, it seems obvious that if students perceive the activi

ties to be far too challenging then they will likely experience very low self-efficacy
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states. Therefore, it could also be helpful to monitor the difficulty of the learning 

tasks, and a formative self-efficacy measure could be used for this purpose. Simi

larly, there are many students who are interested in pursuing physics majors, but 

who have not had the opportunity to develop the skills and knowledge necessary 

to succeed in calculus-based introductory physics courses (Whitten et al., 2003). 

When these students enter a physics course they are being confronted with a much 

greater challenge than their peers. Therefore it is likely that the self-efficacy states 

they experience are much lower than those of their better prepared peers. Given 

that many women start college physics courses with lower conceptual knowledge and 

less expert attitudes, departments wishing to increase the diversity of their physics 

majors may want to develop alternative pathways into physics majors. These alter

native pathways can balance the difficulty of the material with the skills students 

have to create opportunities for students to experience high self-efficacy states in 

the process of learning physics. These high self-efficacy states would likely support 

students in learning the physics content and in developing an interest for pursuing a 

physics degree. While I am inferring that self-efficacy is an important aspect for the 

effectiveness of these alternative pathways; there is evidence of that effectiveness. 

Alternative pathways are a common feature of physics departments with diverse 

populations of students (Whitten et a l , 2003) and there is at least one documented 

case of alternative pathways dramatically improving women’s outcomes in college 

physics (Brahmia, 2008).

7.3 General Im plications for research

Looking broadly at the research agenda in physics learning there are several 

general areas where investigations using self-efficacy could be informative. The rela

tionship between self-efficacy and gender inequities in this study is an indication that
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it may be informative to investigate gender differences in physics settings other than 

introductory college physics courses using self-efficacy. For example, investigating 

self-efficacy states of female students in secondary education could inform why high 

schools with a strong STEM curriculum and integrated extracurricular activities 

reduce the gender gap in STEM interest by 25% (Legewie and Diprete, 2014), since 

interest in STEM degrees is affected by self-efficacy (Luzzo et al., 1999). Exploring 

self-efficacy in upper-division undergraduate physics education and graduate physics 

education may also be informative because the differences between departments that 

support women in succeeding and those that don’t seem to largely result from de

partmental culture (Whitten et al., 2003) and many women leave STEM majors 

after completing their first year in spite of being fully capable of success (Seymour 

and Hewitt, 1997). The quasi-longitudinal data that these studies would provide 

could situate the experience of women in introductory college physics courses within 

the broader experiences of women in physics education. This would move away from 

comparing men to women, which can position women as deficient, and move towards 

focusing on maximizing opportunities for individual excellence (Gutierrez, 2008).

In this study both self-efficacy states and traits consistently measured gender 

differences favoring male students. However, the effect size of the state difference 

was much larger than the effect size of the trait difference indicating that the state 

measure was a much more sensitive measure of gender differences. This contrasts 

with findings for state and trait anxiety in mathematics. Common gender differences 

in anxiety traits in mathematics (Hyde et al., 1990) were expected to represent 

gender differences in anxiety states in mathematics. However, Goetz et al. (2013) 

found that there likely were no gender differences in anxiety states experienced 

while learning mathematics and that the trait differences arose due to difference 

in retrospection. Further evidence for the complex relationship between affective 

states and traits has also been found for control and value. Bieg et al. (2013)
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found that trait measures for control and value were not consistently better nor 

consistently worse predictors of students’ affective state experiences than the state 

measures for control and value. Since the relationships between states and traits 

have received little attention and no discernible pattern has arisen within the studies 

I have mentioned, future studies are warranted. Furthermore, claims from work 

using only one of these methods should be conservative if they extend to the domain 

of the other measure.

7.4 D irections for extending the present work

I found that women frequently experienced very low self-efficacy states while 

learning physics. Unfortunately making specific recommendations on how to ad

dress these apparently detrimental experiences is difficult because little is known 

about the details of these experiences or the characteristics of the learning environ

ment that are most influential in their occurrence. One approach to identify these 

characteristics and build a causal model for their influences would be to use case 

studies combining the ESM with complementary measures. For example, video data 

of students’ experiences could be collected concurrently with the ESM data. The 

ESM could be used to both identify students who tended to have either very high or 

very low self-efficacy states in physics and to identify specific experiences that stu

dents reported either very high or very low self-efficacy states in. Analysis similar to 

Sawtelle et al. (2012a) could be used to identify students’ opportunities for develop

ing self-efficacy within these video clips. Furthermore, Sawtelle and colleagues’ work 

could also be expanded to identify opportunities for harming self-efficacy. These op

portunities could provide fine-grained detail of environmental characteristics that 

occur for different self-efficacy states. Video data would also inform what it means 

to have these experiences in terms of students’ behavior during and following the
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experience. Interviews with students could expand upon and validate findings from 

the ESM and video analysis. In combination with data from trait surveys this re

search design could be used to develop a model for the development or destruction 

of self-efficacy traits in physics that would likely be applicable to other learning 

environments.

A second approach for investigating the details of students’ self-efficacy state 

experiences is to increase the resolution of the ESM by collecting a much larger set 

of students’ experiences. Increased resolution would allow investigating self-efficacy 

states within finer grained aspects of instruction. For example, enough ESM samples 

could be used to identify if there were differences in self-efficacy states between spe

cific components of either Peer Instruction or Tutorials in Physics. Either of these 

approaches would benefit from collecting data in multiple forms of physics instruc

tion since comparisons between the different instructional environments would sup

port building a causal model of the relationships between environment, self-efficacy 

states and self-efficacy traits.

7.5 Conclusion

Interactive engagement is an extremely successful form of physics instruction 

(Hake, 1998; Madsen et al., 2013). However, while student learning has been dra

matically increased by these research-based teaching practices, less advancement 

has been made in terms of students’ affective outcomes (Kost et al., 2009b; Madsen 

et al., 2015; Kost-Smith, 2011). The poor self-efficacy states students experienced in 

physics and the subsequent negative impact on their self-efficacy traits that I found 

in this study locate the negative effect on self-efficacy within the physics-learning en

vironment. Further understanding the aspects of the physics-learning environment 

that are causes of this detrimental effect and mitigating those causes are necessary
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steps in developing instruction that supports students in attaining self-efficacy in 

physics. Instruction that supports the development of self-efficacy would further 

support student learning of physics concepts and would support students to choose 

and succeed in physics majors.
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