
www.rsc.org/cerp

 Chemistry
 Education Research
  and Practice

www.rsc.org/cerp

 Chemistry
 Education Research
  and Practice

This is an Accepted Manuscript, which has been through the  
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after acceptance, 
before technical editing, formatting and proof reading. Using this free 
service, authors can make their results available to the community, in 
citable form, before we publish the edited article. We will replace this 
Accepted Manuscript with the edited and formatted Advance Article as 
soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes to the 
text and/or graphics, which may alter content. The journal’s standard 
Terms & Conditions and the Ethical guidelines still apply. In no event 
shall the Royal Society of Chemistry be held responsible for any errors 
or omissions in this Accepted Manuscript or any consequences arising 
from the use of any information it contains. 

Accepted Manuscript

View Article Online
View Journal

This article can be cited before page numbers have been issued, to do this please use:  A. Graves and C.

E. Brown, Chem. Educ. Res. Pract., 2026, DOI: 10.1039/D6RP00050A.

http://www.rsc.org/cerp
http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/
https://doi.org/10.1039/d6rp00050a
https://pubs.rsc.org/en/journals/journal/RP
http://crossmark.crossref.org/dialog/?doi=10.1039/D6RP00050A&domain=pdf&date_stamp=2026-03-24


1
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ABSTRACT

Chemical education literature suggests that General Chemistry, a required course for many 

STEM programs, is often perceived as difficult and stress-inducing. One measurable aspect of 

students’ experiences in this course is achievement emotions, which both influence and are 

influenced by academic performance. To assess achievement emotions in the General Chemistry 

context, the General Chemistry Achievement Emotions Questionnaire (AEQ-GCHEM) was 

developed through a revision of the existing theory-based instrument established by Pekrun’s 

group, the Short Version of the Achievement Emotions Questionnaire (AEQ-S). Additionally, a 

laboratory subscale was incorporated into this modified version. Evidence supporting the 

instrument was established through qualitative interviews, factor analysis, and analyses of the 

relationships between achievement emotions and academic contexts across multiple iterations. 

These findings indicate that the modifications made to the AEQ-S to develop the AEQ-GCHEM 

resulted in a psychometrically supported instrument for collecting data on the achievement 

emotions experienced by students in General Chemistry lecture and laboratory courses.
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INTRODUCTION

Student success and retention in STEM disciplines remain a major concern for educators, 

institutions, and policymakers, prompting extensive research into why students struggle to persist 

and how to support their success (National Research Council, 2012; Seymour & Hunter, 2019; 

Leary et al., 2020). Poor performance in first-year STEM courses is strongly linked to lower 

persistence in STEM majors (Matz et al., 2017; Harris et al., 2020). General Chemistry, a 

required gateway course for many science degrees, is frequently perceived as a difficult, stress-

inducing “weed-out” course that contributes to student attrition (Gaiewski et al., 2012; Koch, 

2017; Harris et al., 2020). Instructional approaches in General Chemistry, including reforms and 

evidence-based teaching practices, have been investigated ways to improve student outcomes 

and retention (Frey, 2017; Cooper, 2019; Santos & Mooring, 2022). Beyond course structure, 

students’ emotional experiences (affect) are increasingly recognized as central to learning, 

achievement, and persistence in STEM (Gómez et al., 2020; Park, 2022; Brown & Nedungadi, 

2024; Frost et al., 2024). Achievement emotions, defined as emotions directly tied to 

achievement activities and outcomes, influence how students engage with learning tasks and 

regulate their motivation and thinking.  According to Control-Value Theory (CVT), achievement 

emotions arise from students’ perceptions of control over learning activities and the value they 

assign to those activities, and these emotions, in turn, shape cognitive engagement, motivation, 

and performance (Pekrun, 2006).

Achievement emotions have been studied across various STEM disciplines. For instance, 

Gómez et al. (2020) found that emotions such as enjoyment, pride, anxiety, and boredom can 

predict students’ performance in mathematics. Their study emphasized the importance of 

considering both positive and negative emotions in educational contexts, highlighting their 
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significant role in academic performance. Similarly, Park (2022) examined how achievement 

emotions relate to students’ science identities in an inquiry-based physics classroom, finding that 

positive emotions, such as enjoyment and pride, were linked to higher motivation and improved 

academic performance. Brown and Nedungadi (2024) assessed the relationship between students' 

achievement emotions and academic performance in a General, Organic, and Biological 

Chemistry course. They found that positive activating emotions (e.g., enjoyment, hope, pride) 

were positively correlated with final grades, whereas negative activating and deactivating 

emotions (e.g., anxiety, shame, boredom) had negative correlations, except for anger. Frost et al. 

(2024) specifically explored the achievement emotion of shame in a first-semester organic 

chemistry course and reported a negative association with exam performance, indicating that 

students experiencing higher levels of shame performed worse. Collectively, these studies 

demonstrate that positive emotions, such as enjoyment and pride, are associated with deeper 

engagement, more effective learning strategies, and improved academic outcomes, while 

negative emotions such as anxiety, frustration, and boredom can hinder motivation and lead to 

disengagement and lower academic performance (Pekrun et al., 2002; Pekrun, 2006; Eysenck et 

al., 2007).

Affect is particularly important in gateway courses, which are courses that serve as 

prerequisites for other courses required in a degree program, such as the first semester of a two-

semester General Chemistry sequence. These gateway courses often exhibit low retention rates, 

especially among underrepresented students, which can result in smaller student populations in 

subsequent courses (Cracolice & Busby, 2015; Seymour & Hunter, 2019; Hatfield et al., 2022).

Learning is an emotional experience in which emotions influence academic performance 

and overall academic development (Pekrun, 1992; Pekrun et al., 2009). The emotions that 
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students experience in a classroom can be tied to a multitude of constructs, such as self-efficacy, 

learning attitudes, expectations, values, interests, motivation, and achievement, all of which have 

been studied in an attempt to understand factors influencing how students learn (Flaherty, 2020).  

Achievement emotions have been found to have strong relationships with factors that influence 

student retention (Respondek et al., 2017; Turnquest et al., 2024)

Despite substantial evidence linking achievement emotions to student learning and 

persistence in STEM, research examining these emotions in first-semester General Chemistry 

remains limited. There is a need for context-specific, theoretically grounded measures that 

capture the range of achievement emotions students experience in this gateway course. The 

present study addresses this need through the development and psychometric evaluation of an 

instrument specific to General Chemistry.

CONTROL-VALUE THEORY

Pekrun proposed the control-value theory of achievement emotions (CVT) as a framework 

for explaining the interactions between affect, behavior, and achievement in academic settings 

(Pekrun 1992; Pekrun 2000; Pekrun, 2006). According to this theory, students assess a learning 

situation based on the value they place on it and the degree of control they feel they have over it. 

This evaluation can trigger emotional responses, known as achievement emotions, which, in turn, 

influence the student’s motivation and behavior in relation to learning and engagement (Pekrun, 

2006).  While CVT is not specific to chemistry education, an assumption of CVT is that 

affective, behavioral, and achievement relationships are disciplinarily, culturally, and 

demographically specific (Pekrun, 1992; Pekrun, 2006). Although evidence in support of this 

theory has been found to be generalizable across educational settings, this hypothesis still 
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warrants discipline-specific analysis and evaluation. This requires using discipline- or course-

specific instruments that generate data supported by evidence of validity and reliability.

Achievement emotions, proposed in CVT, are emotions that influence a wide array of constructs, 

including attitudes and motivations (Pekrun, 1992; Pekrun, 2006).  Pekrun identified nine 

achievement emotions that predominantly affect students: enjoyment, hope, pride, anger, 

anxiety, shame, hopelessness, boredom, and relief (Pekrun et al., 2011). Most academic emotions 

have not been studied in depth, except for anxiety, which has been widely shown to negatively 

impact academic performance across educational contexts, including the sciences (Eddy, 2000; 

Widanski and McCarthy, 2009; Rempel et al., 2021, Gibbons et al., 2021; Flaherty, 2022;). 

To measure achievement emotions, Pekrun (2011) developed the Achievement Emotions 

Questionnaire (AEQ). This instrument has 24 subscales and measures nine achievement 

emotions across three settings: classroom, learning, and testing. Each subscale (i.e., emotion-

setting pairing) is composed of 6-12 items with an associated Likert-scale response; 

psychometric evaluation of this instrument revealed that it yields valid and reliable data. 

However, the AEQ’s length (232 items) could make it difficult to administer in empirical studies 

in educational research. A shortened version of the AEQ, abbreviated as the AEQ-S (96 items), 

was created to solve the issue of the original survey’s length (Bieleke et al., 2021). The AEQ-S 

can assess students’ achievement emotions and examine how these emotions relate to their 

motivation, values, and learning strategies.

 According to Pekrun (2006) emotions can be classified by "valence" which refers to 

whether an emotion is positive (pleasant) or negative (unpleasant), and by arousal, as activating 

and deactivating.  Based on the characteristics of valence and arousal of emotions, four 
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categories of academic emotions can be distinguished as positive activating/deactivating 

emotions and negative activating/deactivating emotions as presented in Figure 1.

Figure 1: Organization of achievement emotions by valence and activation

PURPOSE OF THIS STUDY

Studies have shown that achievement emotions are domain-specific, meaning that a 

student’s emotional experiences can vary depending on the context in which the emotion occurs 

(Goetz et al., 2007; Gibbons et al., 2018; Park, 2022; Brown & Nedungadi, 2024; Frost et al., 

2024). For example, the achievement emotions that a student experiences in a physics course 

may be entirely different constructs from the achievement emotions experienced by that same 

student in a chemistry course. Likewise, this applies to subdomains as well, e.g., what a student 

experiences in a biochemistry course may be distinctly different from what that same student 

experiences in a General Chemistry course. Some discipline-specific versions of the AEQ have 

been developed, including the AEQ-OCHEM, which was derived to study achievement emotions 

in organic chemistry courses (Raker et al., 2018). While the AEQ-OCHEM represents a validated 

adaptation of the AEQ for organic chemistry, it was specifically designed for the instructional 

structure and learning demands of this particular course. 
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The primary goal of this study was to develop a context-specific instrument to assess 

students’ achievement emotions during the first semester of a General Chemistry course. Guided 

by these contextual and practical considerations, the AEQ-GCHEM was developed from the 

short version of the Achievement Emotions Questionnaire (AEQ-S). The AEQ-S was modified 

to align with the instructional structure of the general chemistry course, including the addition of 

a laboratory component. Evidence of response process and internal structure validity was then 

collected, including evaluation of factor structures that best represent the multidimensional 

nature of achievement emotions. This adapted instrument is referred to as AEQ-GCHEM.

This study was guided by the following two questions:

RQ1 What modifications of the AEQ-S are needed to produce a first-semester General 

Chemistry-specific Achievement Emotions Questionnaire (AEQ-GCHEM) that 

measures achievement emotions?

RQ2 What validity and reliability evidence support the use of the AEQ-GCHEM with 

students in a first-semester General Chemistry course?

Since achievement emotions have been shown to be domain-specific, the instrument needed 

to be crafted with language specific to a student’s experience in a General Chemistry course. 

This included adding a component to the instrument to measure achievement emotions in a 

laboratory setting, since most students enrolled in a General Chemistry lecture course must 

concurrently be enrolled in a corresponding General Chemistry laboratory course.

METHODS

All data collection procedures were approved by the Institutional Review Board (IRB) at 

the University of Northern Colorado, and informed consent was obtained from all student 

participants in accordance with IRB requirements. The voluntary nature of the data collection 
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was emphasized to all potential participants. Participants who completed the survey received five 

extra credit points on an exam worth 80 points, within a course totaling 1,000 points. Participants 

completed the survey via Qualtrics, an online survey data collection website. The survey was 

conducted after the participants received their first exam grade to allow them to have experience 

and reflected on all aspects of the course assessed by this survey, both prospectively and 

retrospectively. To ensure data quality, student responses were removed if participants did not 

complete one or more subscales or if responses exhibited patterned or incomplete answering 

(e.g., identical ratings across all items or large sections left blank). The survey took about 20 

minutes to complete. Response times and data patterns were monitored to identify random 

answering responding. Variation in item responses showed that students used the rating scale 

appropriately rather than giving the same response across items. Data were analyzed for each 

subscale when a student completed that subscale.

The last item of the survey contained a prompt that asks participants to indicate if they 

would participate in a brief interview regarding the survey. All interviews were conducted one-

on-one via Zoom and recorded, with participants allowed to turn off their video if desired. Semi-

structured interviews were scheduled at participants’ convenience throughout the semester to 

gather feedback on the sources and causes of their achievement emotions and the clarity of the 

survey items. Students explained their responses, and the researcher asked follow-up questions as 

needed for clarification. Each interview lasted 20–30 minutes and followed a standardized 

protocol to ensure items were clearly understood and reflected emotions specific to the chemistry 

learning environment. 

Interviews with six experts (chemistry educators with experience in chemical education research) 
were conducted to establish face validity of all four scales of the AEQ-GCHEM. Face validity 
refers to the extent to which items appear to measure the intended construct (Trochim and 
Donnelly, 2006). During the interviews, the experts evaluated each item for clarity and to ensure 
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that it contained sufficient chemistry-specific language to evoke an achievement emotion that a 
student would experience in a chemistry learning context. Illustrative excerpts from expert 
interviews supporting the face validity of the instrument are provided in Table S11 in the 
Appendix.

Participants

Students were sampled for an initial pilot study across four academic semesters from Fall 

2021 through Spring 2023, with additional students sampled for the main study using the 

finalized AEQ-GCHEM in Fall 2023 and Spring 2024. A total of 637 students participated in the 

pilot study, while 500 students participated in the main study, which included both surveys and 

interviews. Student participants were enrolled in the first-semester of General Chemistry at one 

of four universities with the following Carnegie classifications: one R2 institution in the Rocky 

Mountain region of the United States, one R1 in the Rocky Mountain region of the United States, 

one Doctoral Research University with Moderate Research Activity in the Midwest United 

States, and one R1 institution in the Southeastern United States. The summary of participants 

across semesters, instruments, and research phases is detailed in Appendix, Table SI.1, with 

quantitative and qualitative sample sizes reported separately to provide a clear overview of the 

data collection for each phase.

Response Process Interview Analysis

Interviews with students were analyzed to provide evidence of response process validity. 

All interviews were audio- and video-recorded with participants’ consent, transcribed verbatim, 

and analyzed to provide evidence of response process validity. Two researchers independently 

reviewed the transcripts, noting instances of misinterpretation, or mismatched explanations. The 

two researchers then came together to discuss explanations that seemed unclear or not in 

alignment with the given response. The researchers then individually analyzed additional 

interviews before coming together to discuss the responses from those interviews. This cycle 
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continued until all interviews were analyzed and discussed. The researchers then consolidated 

the findings for each item and assessed whether each item appeared to function well or was 

unclear or confusing to students. Information from the interviews was used to refine or remove 

unclear items prior to quantitative analysis, as well as to support the removal of items during 

quantitative analysis. Several statements were modified for clarity based on student feedback. 

Some items of the modified instrument (AEQ-S) also contain metaphorical language that 

students inconsistently interpreted; these items were modified accordingly based on qualitative 

interviews. Details about modifications are presented in the Appendix (see Table SI.3 and Table 

SI.5 for summary).

Instrument Modification

The AEQ-S was adapted to create the General Chemistry-specific Achievement Emotions 

Questionnaire (AEQ-GCHEM) through an iterative process of feedback from interviewing both 

experts and students. Broad or general tasks or references to a class were changed to specifically 

refer to General Chemistry (e.g., “I enjoy being in class” was revised to “I enjoy being in my 

General Chemistry class”) to help the respondents focus on their course-specific experiences.

For the AEQ-GCHEM, a laboratory setting was added in addition to the existing settings: 

classroom, learning, and testing. A mandatory laboratory course, in which students obtain 

practical experience working with chemicals and writing experimental reports, is taken 

concurrently with a General Chemistry lecture course (Reid and Shah, 2007). Because it is a 

different setting than the three settings included in the AEQ-S, the laboratory setting could 

induce separate achievement emotions than the other three settings. 

The modifications to the AEQ-S were guided both by prior theory and research as well as 

empirical data collected in this study. Following the theoretical framework of the AEQ, we 
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retained the established structure of settings and emotions (e.g., the omission of boredom in the 

testing setting and inclusion of relief, as justified in prior work). Similarly, the decision to use 

sum-scoring aligns with conventions in earlier AEQ studies to facilitate comparison across 

instruments. At the same time, several modifications were based on empirical feedback gathered 

through interviews with students and experts, such as revising item wording for General 

Chemistry and determining that the laboratory setting aligned more closely with classroom and 

learning settings, warranting the inclusion of boredom rather than relief.

AEQ-GCHEM Items

The AEQ-GCHEM contains 128 items across 32 subscales. Items are grouped based on the 

four settings and then the achievement emotions. Each item is evaluated on a 5-point Likert 

scale: strongly disagree (1) to strongly agree (5). The score from each subscale (i.e., each setting-

emotion pairing) was obtained by averaging the item scores within the particular subscale. No 

items were reverse scored. Higher values consistently reflect stronger experiences of the 

respective emotions, whether positive or negative. Although averaging (sum-scoring) Likert-like 

values can lead to inaccurate assumptions and conclusions from data when compared to factor-

based scoring in some scenarios (Widaman and Revelle, 2022),  the method used in this study 

allows the data and results to be compared more easily to previous studies (also using sum-

scoring methods) while still maintaining relatively similar levels of reliability.

Although a total of nine achievement emotions were measured with this instrument, only 

eight were measured in each setting; the testing setting did not measure boredom but instead 

measured relief, which was only measured in the testing setting. The original AEQ study 

justified these omissions of setting-emotion pairings based on prior exploratory studies in which 

it was determined that boredom is not significantly experienced in the testing setting; however 

Page 11 of 51 Chemistry Education Research and Practice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

C
he

m
is

tr
y

E
du

ca
tio

n
R

es
ea

rc
h

an
d

P
ra

ct
ic

e
A

cc
ep

te
d

M
an

us
cr

ip
t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

4 
M

ar
ch

 2
02

6.
 D

ow
nl

oa
de

d 
on

 3
/2

5/
20

26
 1

:2
1:

14
 A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online

DOI: 10.1039/D6RP00050A

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6rp00050a


12

relief, which is not experienced significantly in the classroom or learning setting, is experienced 

significantly in the testing setting (Pekrun, 2006; Spregler et al., 2002). When designing the 

laboratory setting for the AEQ-GCHEM, the setting aligned more with the classroom and 

learning settings based on interviews with students and experts. Therefore, the boredom emotion 

was included in the laboratory setting and the relief emotion omitted.

AEQ-GCHEM Iterations

The AEQ-GCHEM was modified at several points over the course of this study. The first four 

academic semesters of data collection were considered part of the pilot study (n = 607). The final 

two academic semesters of collecting data used the finalized version of the instrument (n = 484). 

The results and discussion in this article used data collected with the finalized version of the 

instrument, with some psychometric analyses of the data collected from the previous iterations of 

the AEQ-GCHEM being given in the Appendix (Tables SI.1-4).

RESULTS AND DISCUSSION

Before using an instrument, it is important to examine its psychometrics, or the 

characteristics of the instrument itself. Since instruments are designed to measure people’s 

attributes, evaluating the instrument’s properties ensures it will function as intended by the 

researcher (Furr & Bacharach, 2013). The two psychometric attributes of the AEQ-GCHEM 

assessed were validity and reliability of the data collected with the instrument. These attributes 

are important because instruments should produce data that can be interpreted both accurately 

(validity) and consistently (reliability) (Knekta et al., 2019).

Validity Evidence

The validity of the data collected with the AEQ-GCHEM has been investigated for 

evidence based on test content (through expert evaluation and student interviews), response 
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process (through student interviews), internal structure (through factor analysis), and 

relationships among variables (through emotion-emotion correlations).

Interviews were conducted with experts (n = 6) and students enrolled in first-semester 

General Chemistry (n = 30) to evaluate if the achievement emotions being measured by the 

instrument are achievement emotions that students in a first-semester General Chemistry course 

experience. Interview participants read each instrument item and discussed whether the prompt 

elicited an emotion they could relate to from their first-semester General Chemistry experience. 

In these interviews, emphasis was placed on whether the achievement emotions between settings 

are separate constructs (i.e., if students experience anxiety differently in the classroom versus 

when taking a test) and whether the achievement emotions experienced in a first-semester 

General Chemistry course are different than achievement emotions experienced in other 

academic courses. All experts and students agreed that achievement emotions in a first-semester 

General Chemistry course are separate constructs from achievement emotions in other courses, 

and that achievement emotions between settings are separate constructs. Response process 

interviews were conducted with students to evaluate whether each item was interpreted 

consistently and as intended by the researchers. Through this process, several items in the survey 

were altered due to inconsistent interpretations by students. One example is that the item on the 

classroom-pride subscale “When I do well in my general chemistry class, my heart throbs with 

pride.” was altered to be “When I do well in my general chemistry class, I am proud of myself.” 

Students were not interpreting this item consistently due to the phrase “my heart throbs with 

pride”; the reasons being that many students either did not relate to the phrase, indicating that it 

is too strong of a feeling, or did not understand what was being conveyed by the phrase. The 

students were also asked how they would change an item to result in less misinterpretations, and 
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several variations of the items were read to the students to assist in determining what the 

language of the new item should be. A full list of altered items can be found in the Appendix 

(Table SI.3, SI.5).

Exploratory factor analysis (EFA) with oblimin rotation was conducted on the laboratory 

portion of the AEQ-GCHEM (Table 1). Oblimin rotation was chosen as an oblique rotation 

method, because achievement emotions are theoretically expected to be correlated. Items are 

presented according to the emotion they were intended to measure and are grouped by the factors 

on which they loaded, with factor loadings reported for each item; bolded values indicate the 

primary factor loading for each item. Some items (e.g., JOY4 and SHA1) exhibited relatively 

low primary factor loadings and non-zero secondary loadings on other factors. Such loading 

patterns are consistent with the conceptual overlap among related achievement emotions (e.g., 

joy and pride; shame and anxiety), which has been reported in prior achievement emotion 

research and can result in cross-loadings or lower loadings for certain items.

Factor analyses were conducted on data collected using the final version of the AEQ-

GCHEM. Confirmatory factor analyses (CFAs) were performed using summed subscale scores, 

which were treated as continuous variables (McNeish and Wolf, 2020). Examination of the 

distributions of these the survey’s subscale scores through analysis of skewness and kurtosis 

values indicated approximate univariate normality. Therefore, a maximum likelihood estimator 

(ML) was used for CFA of the individual survey subscales. However, the summed subscale 

scores showed a lack of normality, suggesting that the use of the maximum likelihood estimator 

with mean and variance adjustment (MLM) was more appropriate for the factor analytic models 

(Yuan & Bentler, 2000). The original AEQ-S was designed to support interpretation of both the 

full instrument and individual subscales; therefore, the 32 subscales of the AEQ-GCHEM were 
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evaluated in the same manner. The internal structure of each subscale was assessed using CFA, 

which is appropriate when an a priori factor structure is hypothesized (Brown, 2015). All CFAs 

were conducted using the lavaan package (version 0.6-14) in R (version 4.1.1). Model fit was 

evaluated using the comparative fit index (CFI > 0.94), standardized root-mean-square residual 

(SRMR < 0.09), and root-mean-square error of approximation (RMSEA < 0.09). All subscales 

met these fit criteria (Table 2).
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Table 1. Factor Loadings for Exploratory Factor Analysis Conducted on the Laboratory Section of the AEQ-GCHEM.

ITEMS FACTOR LOADINGS EMOTIONS
1 (8)* 2 (7)* 3 4 5 6 7 (1)* 8 (2)*

JOY1 0.49 0.24 0.03 -0.31 0.02 -0.15 0.10 -0.11
JOY2 0.63 0.13 0.11 -0.17 0.08 -0.07 -0.05 -0.11
JOY3 0.47 0.04 0.30 -0.11 -0.12 0.10 -0.15 -0.12
JOY4 0.21 -0.08 0.68 0.03 0.02 -0.04 -0.01 0.03

Enjoyment

HOP1 0.18 0.68 -0.01 0.01 -0.21 -0.01 -0.04 0.02
HOP2 0.03 0.69 0.07 0.03 -0.05 0.06 -0.20 -0.03
HOP3 0.00 0.46 0.16 -0.10 -0.21 -0.09 -0.03 -0.01
HOP4 0.09 0.45 0.31 -0.01 0.02 -0.14 -0.01 -0.09

Hope

PRI1 -0.18 0.33 0.45 -0.09 0.08 -0.25 -0.02 -0.02
PRI2 -0.04 0.11 0.60 -0.12 -0.15 0.05 -0.03 0.00
PRI3 -0.01 0.14 0.72 -0.10 0.02 -0.03 -0.09 -0.02
PRI4 0.04 -0.04 0.77 0.11 0.01 0.05 0.05 -0.06

Pride

ANG1 -0.06 0.01 0.03 0.65 0.13 0.03 0.03 0.02
ANG2 -0.02 0.03 0.00 0.73 -0.01 0.05 0.01 0.05
ANG3 -0.14 -0.02 -0.02 0.74 -0.05 -0.06 0.16 0.06
ANG4 -0.03 0.03 -0.11 0.48 0.23 -0.03 -0.06 0.19

Anger

ANX1 -0.03 -0.14 0.05 0.02 0.63 0.09 0.04 -0.01
ANX2 0.06 -0.15 -0.09 0.00 0.71 0.00 0.03 -0.02
ANX3 -0.15 0.06 -0.05 -0.05 0.34 0.19 0.32 0.12
ANX4 -0.01 -0.03 0.13 0.12 0.57 0.23 -0.02 0.03

Anxiety

SHA1 0.06 0.03 -0.13 0.18 0.37 0.28 0.25 0.03
SHA2 0.02 -0.10 -0.01 0.03 0.24 0.50 0.06 0.06
SHA3 -0.03 -0.04 0.05 -0.03 0.06 0.58 0.10 0.12
SHA4 -0.07 0.05 -0.05 0.01 0.10 0.68 0.23 -0.03

Shame

HPL1 -0.01 -0.08 -0.03 0.14 0.13 0.29 0.40 0.05
HPL2 0.07 -0.05 0.02 0.15 -0.04 0.14 0.76 0.02
HPL3 -0.02 -0.06 0.00 -0.03 0.03 0.01 0.80 0.01
HPL4 -0.06 -0.01 -0.03 -0.01 0.01 -0.01 0.79 0.02

Hopelessness
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ITEMS FACTOR LOADINGS EMOTIONS

1 (8) 2 (7) 3 4 5 6 7 (1) 8 (2)

BOR1 -0.03 0.06 -0.02 -0.10 0.01 0.00 0.01 0.95
BOR2 0.01 -0.03 0.02 0.03 -0.09 0.10 -0.05 0.87
BOR3 0.03 -0.04 -0.01 0.15 0.05 -0.13 0.08 0.74
BOR4 -0.07 -0.08 0.03 0.21 0.14 -0.07 0.03 0.55

Boredom

*Note. Factors were reordered after rotation based on interpretability and conceptual alignment with the achievement emotion 
framework. Original factor numbers from the exploratory factor analysis output are shown in parentheses.
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Table 2.CFI, SRMR, and RMSEA Values for Each Emotion, Separated by Setting.

Fit IndicesEmotion
Classroom Learning Testing Laboratory

CFI SRMR RMSEA CFI SRMR RMSEA CFI SRMR RMSEA CFI SRMR RMSEA
Enjoyment 1 0.03 0 0.997 0.04 0.05 0.984 0.06 0.11 1 0.03 0
Hope 1 0.01 0 1 0.02 0 1 0.02 0 1 0.03 0
Pride 1 0.03 0 0.984 0.06 0.08 1 0.01 0 0.997 0.04 0.05
Anger 0.996 0.03 0.05 0.992 0.04 0.08 0.997 0.03 0.05 1 0.02 0
Anxiety 1 0.02 0 1 0.01 0 1 0.02 0 1 0.02 0
Shame 0.999 0.03 0.03 1 0.01 0 0.999 0.03 0.04 1 0.03 0
Hopelessness 1 0.02 0 1 0.01 0 1 0.02 0 1 0.02 0
Boredom 0.998 0.03 0.06 1 0 0 - 0.998 0.03 0.05
Relief - - 0.995 0.05 0.08 -
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Confirmatory factor analysis using the MLM estimator was also conducted on summed 

subscale scores to evaluate the internal structure of the complete AEQ-GCHEM using four 

theoretically motivated models (Table 3). These models have been previously used to examine 

relationships between achievement emotions and the settings in which they are experienced 

(Pekrun, 2006; Bieleke et al., 2023). The fourth model, which specifies nine emotion factors with 

correlated residuals associated with instructional settings, demonstrated adequate fit to the data 

(CFI = 0.964, SRMR = 0.093, RMSEA = 0.056). 

Table 3. Comparative fit indices for confirmatory factor analysis models tested for the complete 
AEQ-GCHEM.

Model CFI SRMR RMSEA

Model 1  0.556  0.140  0.166

Model 2 0.723  0.114 0.137

Model 3 0.677 0.101  0.143

Model 4 0.964 0.093 0.056

The fourth model assumes that achievement emotions are related both across emotions and 

within instructional settings, consistent with a multitrait–multimethod (MTMM) framework in 

which emotions represent traits and instructional settings represent methods. Within this 

framework, the CFA model allows examination of the extent to which emotions are 

distinguishable across settings while accounting for shared method variance associated with the 

setting (Campbell and Fiske, 1959; Kline, 2016). Factor correlations reported in Table 3 were 

obtained directly from the CFA model; because these correlations are model-derived estimates 

rather than results of independent correlation tests, no p-value adjustment was applied.
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Figure 2. The model for relationships between achievement emotions.
Note: c, l, t, and la prefixes denote the settings classroom, learning, testing, and laboratory, 
respectively. The emotions are abbreviated: joy = enjoyment, hop = hope, pri = pride, ang = 
anger, anx = anxiety, sha = shame, hpl = hopelessness, bor = boredom, rel = relief.

To evaluate relationships among variables for additional evidence of validity, 

associations among subscales within the classroom setting were examined using Spearman rank-

order correlations (Table 3). In contrast to the subscale scores used in the CFA, item-level 

response distributions and some subscale distributions violated normality assumptions. 

Therefore, Spearman correlations were used in place of Pearson correlations. The resulting 

correlations ranged from −0.72 to +0.67 and were consistent with theoretically expected 

relationships among achievement emotions (all p < 0.05). As Pekrun postulated, and can be seen 

in Table 4, the positive emotions (enjoyment, hope, and pride) have positively correlating 

relationships among each other, and the negative emotions (anger, anxiety, shame, hopelessness, 

and boredom) show a similar relationship to other negative emotions (Pekrun, 2006). 

Furthermore, positive and negative emotions have negatively correlating relationships to each 

other. The Spearman rank-order correlations for the subscales in the other settings showed 

similar relationships, and these data can be found in the Appendix (Table SI.5-7). The factor 
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loadings for each item in the survey to their respective emotion-setting pairing and item variance 

Table (SI.8), as well as the covariance between each achievement emotion Table (SI.9), can also 

be found in the Appendix.

Table 4. Spearman’s Correlations Between AEQ-GCHEM Subscales in the Classroom Setting. 

Variables Emotion 1 2 3 4 5 6 7 8
1 Enjoyment 1
2 Hope 0.60 1
3 Pride 0.60 0.65 1
4 Anger -0.61 -0.54 -0.44 1
5 Anxiety -0.40 -0.66 -0.42 0.54 1
6 Shame -0.31 -0.50 -0.37 0.43 0.67 1
7 Hopelessness -0.50 -0.72 -0.55 0.64 0.74 0.66 1
8 Boredom -0.60 -0.28 -0.37 0.53 0.26 0.26 0.32 1

Associations between the settings for each individual emotion were evaluated with 

Spearman rank-order correlation (Table 5). Correlations range from 0.21 (testing/laboratory - 

pride) to 0.84 (classroom/learning - hopelessness).  The associations between settings suggest 

that some emotions are generalized across learning contexts while others are more context-

specific. This distinction is important because it informs both measurement and intervention: 

generalized emotions may require course-wide strategies, whereas context-specific emotions 

may be addressed through targeted instructional changes.

Table 5. Spearman’s Correlations between Settings for Each Emotion.

Classroom/
Learning

Classroom/
Testing

Classroom/
Laboratory

Learning/
Testing

Learning/
Laboratory

Testing/
Laboratory

Enjoyment 0.74 0.57 0.38 0.65 0.36 0.24
Hope 0.75 0.72 0.29 0.78 0.32 0.29
Pride 0.64 0.58 0.41 0.58 0.40 0.21
Anger 0.64 0.62 0.34 0.61 0.42 0.30
Anxiety 0.78 0.68 0.34 0.67 0.36 0.39
Shame 0.66 0.63 0.43 0.79 0.39 0.39
Hopelessness 0.84 0.76 0.34 0.81 0.41 0.37
Boredom 0.75 - 0.50 - 0.45 -
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Reliability Evidence

The internal consistency reliability of the AEQ-GCHEM subscales was evaluated using 

McDonald’s omega (ω). McDonald’s omega is recommended for instrument development and 

evaluation because it is based on the underlying factor model and provides a more robust 

estimate of internal consistency than Cronbach’s alpha, particularly when item factor loadings 

are unequal (Hayes & Coutts, 2020). Omega values were calculated for each AEQ-GCHEM 

subscale, and all subscales demonstrated acceptable internal consistency reliability (ω ≥ 0.70; 

Table 6), consistent with commonly accepted thresholds for research instruments (Nunnally & 

Bernstein, 1994). Confirmatory factor analyses conducted at the subscale level indicated 

unidimensionality for each AEQ-GCHEM subscale (Table 2), supporting the appropriateness of 

using McDonald’s omega as a reliability estimate.

Table 6. McDonald’s Omega Values for Each AEQ-GCHEM Subscale

Emotion Setting
Classroom Learning Testing Laboratory

Enjoyment 0.85 0.90 0.80 0.88
Hope 0.83 0.86 0.89 0.88
Pride 0.79 0.76 0.94 0.83
Anger 0.75 0.83 0.83 0.86
Anxiety 0.83 0.85 0.86 0.83
Shame 0.90 0.88 0.93 0.87
Hopelessness 0.86 0.92 0.94 0.91
Boredom 0.90 0.89 -- 0.90
Relief -- -- 0.91 --

To address Research Question 1: “What modifications of the AEQ-S are needed to produce 

a first-semester General Chemistry-specific Achievement Emotions Questionnaire (AEQ-

GCHEM) that measures achievement emotions?” several modifications were required to develop 
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the instrument. First, chemistry-specific language needed to be present in each item of the 

instrument. Through the process of obtaining test content validity, both experts and students 

agreed that achievement emotions relating to General Chemistry were separate constructs from 

achievement emotions relating to other academic subjects or general academics. Second, several 

items needed further alterations to provide support for response process validity. Most 

commonly, many metaphors and idioms were replaced with more straightforward language to 

help participants interpret the items consistently. For example, the item “After the chemistry 

exam, I wish I could tell the teacher off.” was altered to be “I resent having to take exams in my 

General Chemistry class.” Students did not respond to the original item as they did other items 

on the testing-anger subscale, indicating that the anger felt towards the instructor of the 

chemistry course is not necessarily related to the anger felt towards the course subject.

To address Research Question 2: “What validity and reliability evidence supports the use 

of the AEQ-GCHEM with students in a first-semester General Chemistry course?”, the internal 

reliability and validity evaluations presented in this study support the AEQ-GCHEM and its 

subscale measures. All McDonald’s omega reliability values are within acceptable ranges, 

indicating strong internal consistency for each AEQ-GCHEM subscale. Confirmatory factor 

analyses of the AEQ-GCHEM and its subscales yielded acceptable goodness-of-fit values, 

supporting the internal structure of the instrument and each subscale. When considering the 

relationships between each AEQ-GCHEM subscale, our results reflect those proposed in CVT 

(Pekrun et al., 2011). Although some of the associations between subscales (such as hopelessness 

and shame in learning and testing contexts) approach collinearity (> 0.80) indicating that these 

subscales would be measuring the same constructs (Kline, 2016), the overarching conclusion for 

these results supports the model that the nine achievement emotions in four contexts are distinct 
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constructs. Additionally, the correlations between the achievement emotions in each setting show 

the relationships that are expected from CVT, wherein the positive emotions positively correlate 

with each other and negatively correlate with the negative emotions. Qualitative interviews with 

experts and students provided evidence for both test content validity and response process 

validity, showing that participants interpreted the constructs the instrument was designed to 

measure consistently and as intended.

When comparing fit indices with those reported for the Achievement Emotions 

Questionnaire–Short Version (AEQ-S), AEQ-GCHEM Model 4 demonstrates similar 

psychometric performance. Prior validation work on the AEQ-S found that its best-fitting model 

achieved CFI = 0.96, SRMR = 0.05, and RMSEA ≈ 0.063–0.069, supporting the structural 

validity of the short-form AEQ scales. Our AEQ-GCHEM Model 4 results (CFI = 0.957, SRMR 

= 0.080, RMSEA = 0.062) are comparable to the AEQ-S measures, indicating that AEQ-

GCHEM provides a similarly acceptable representation of discrete achievement emotions within 

a discipline-specific context.

LIMITATIONS

A few aspects of this study need to be addressed in order to better understand the extent to 

which our findings may be generalized in varying contexts. There are two key limitations of our 

research. One of the limitations of this study is due to the fact that the sample selection was 

collected from a first-semester General Chemistry course at four universities. While each course 

possessed a similar structure and curriculum, there are several factors, such as classroom 

environments, the instructor’s teaching style, and course difficulty, that could affect the students’ 

achievement emotions. In our study, data were collected from first-semester General Chemistry 

courses that had a traditional course format, which incorporated lecture, online homework, and 
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quizzes/exams which constituted the majority of the students’ overall course grade. Other course 

formats, such as flipped, peer-led team learning (PLTL), or Process Oriented Guided-Inquiry 

Learning (POGIL), may generate different achievement emotions. Additionally, teaching style 

has been documented to affect student learning experience and students’ attitudes and behavior. 

In their role, teachers can motivate, manage, and engage students in the process of learning. 

Research shows a relationship between various teaching styles and student engagement levels in 

higher education (Pekrun, 2014; Amoura et al., 2015; Inayat, 2020). Other factors, such as each 

student’s personality traits, could also influence the achievement emotions in an unknown 

manner. The role of individual characteristics and resources may underlie students’ performance 

in college and may provide variation of achievement emotions among different groups of 

students. Research has examined factors such as self-efficacy, locus of control, self-esteem, 

emotional intelligence, cognitive test anxiety, and coping strategies, revealing variations in 

students’ performance and perceptions of the course across different student groups (Ramos-

Sanchez et al., 2007; Aspelmeier et al., 2012; Thomas et al., 2017; Shankland et al., 2019). The 

interaction between instructor effects and student personality may create a complex dynamic that 

shapes academic outcomes and impacts the achievement emotions differently. Therefore, without 

further study, it is unknown if the AEQ-GCHEM measure will function similarly in a different 

in-person active learning environment. 

CONCLUSIONS

The AEQ-GCHEM is a 128-item instrument comprising 32 subscales designed to measure 

the achievement emotions experienced by students in a first-semester General Chemistry course. 

Data collected from students at four universities demonstrated that the AEQ-GCHEM has 

acceptable validity and reliability. Associations between the achievement emotions within 
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contexts suggest that each subscale measures a separate, distinct construct. Our results support 

the use of the AEQ-GCHEM and its subscales for measuring achievement emotions in a first-

semester context.

While instruments have been developed to measure achievement emotions in many 

contexts, including other chemistry contexts (Raker et al., 2018), this is the first instrument 

designed to measure achievement emotions experienced by students enrolled in a first-semester 

General Chemistry course. These results do not indicate that similar modifications can be made 

to the AEQ-S for the measurement of achievement emotions in other contexts; whenever an 

instrument is modified, data should be gathered to assess its reliability and validity, ensuring the 

instrument still produces accurate and consistent measurements (Arjoon et al., 2013).

FUTURE RESEARCH IMPLICATIONS

The AEQ-GCHEM enables further research on achievement emotions in general chemistry, 

including their relationship to learning and how targeting these emotions to improve academic 

success and retention can inform evidence-based teaching practices. Although many studies link 

affect to achievement in chemistry (Reardon et al., 2010; Xu et al., 2011; Chan et al., 2014), few 

have examined how achievement emotions influence student performance in chemistry (Brown 

& Nedungadi, 2024; Frost et al., 2024), and none have focused specifically on a first-semester 

general chemistry context.

 The instrument could be used in its entirety or just selected subscales. Also, the instrument 

can be used to explore how achievement emotions are impacted by novel teaching practices and 

equitable and inclusive instructional methodologies. An inclusive and equitable course creates a 

welcoming environment for diverse learners. The instructor is sensitive to, aware of, and 

responsive to the differences and individual needs of students, adapting instruction to support 
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their academic goals (Dewsbury and Brame, 2019; Addy et al., 2021). If chemistry instructors 

are seeking equitable practices in their teaching, they should be seeking to customize their 

practices to meet the individual needs of each student (White et al., 2020), which would include 

addressing the achievement emotions that each student experiences and that could be identified 

by using the AEQ-GCHEM. From a broader educational perspective, the instrument can be used 

by researchers and practitioners alike facilitating a focused attention on an array of achievement 

emotions as an important aspect of academic achievement. This instrument could enable more 

experimental research in first-semester General Chemistry courses, which is perceived as a 

course that permits or prohibits access to many STEM professions. It could provide instructors 

with insights into the emotions students experience in various contexts of the course, helping to 

identify potential interventions that could alleviate negative emotions and enhance positive 

achievement emotions. A comprehensive exploration of the full spectrum of emotions 

experienced by students is necessary to better understand the emotional diversity within 

academic settings. Additionally, the instrument could help examine the relationship between 

achievement emotions and the sense of belonging (Fink et al., 2020; Edwards et al., 2022).  

Future research could focus on identifying specific academic emotions that significantly 

influence the connection between sense of belonging and academic achievement. 
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APPENDIX for

Achievement Emotions Questionnaire for General Chemistry (AEQ-GCHEM): 
Development and Psychometric Evaluation

Quantitative studies. The target population for the AEQ-GCHEM was students enrolled in a 

first-semester General Chemistry course. Convenience sampling was used in this study due to 

resource-based and logistical constraints, meaning student samples were gathered from first-

semester General Chemistry courses at four universities described as one mid-sized university in 

the Rocky Mountain region of the United States (I1), one large university in the Midwest region 

of the United States (I2), and one small college in the Southern region of the United States (I3), 

and one large university in the Rocky Mountain region of the United States (I4). These 

universities were chosen so as to have the data produced by the study to be more representative 

of the overall population of students enrolled in a first-semester General Chemistry course. All 

four universities have similar demographic statistics in terms of ethnicity and gender.

Qualitative studies. Interviews were conducted with students from the target population for the 

purpose of collecting evidence of response process validity and of test content validity. The last 

item of the AEQ-GCHEM contained a prompt that asked students to indicate if they would 

participate in a short interview regarding the survey. Some students were also recruited by 

announcements made in a lecture or lab setting.
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Table SI.1: Summary of Quantitative and Qualitative Sample Sizes Across Pilot and Main Study 
Phases

Phase Semester Instrument Quantitative
Sample Size

Qualitative 
Sample Size

Pilot Study Fall 2021 AEQ-S 119 (I1) —

Spring 2022 AEQ-GCHEM 
Version 1

94 (I1) 6 Experts, 2 Students (I1)

Fall 2022 AEQ-GCHEM 
Version 2

258
(I1 = 187, I4 = 71)

17 Students (I1)

Spring 2023 AEQ-GCHEM 
Version 2

136 (I1) 11 Students (I1)

Main Study Fall 2023 AEQ-GCHEM 346
(I1 = 119, I2 = 166, I3 = 61)

16 Students (I2)

Spring 2024 AEQ-GCHEM 138
(I1 = 77, I2 = 61)

Note: I1-Rocky Mountain region of the United States; I2-large university in the Midwest region of the United States; 
I3-small college in the Southern region of the United States; I4-large university in the Rocky Mountain region of the 
United States.

The AEQ-GCHEM was developed through three iterations of the instrument. The final version 

of the AEQ-GCHEM was discussed in this article, and the modifications made to develop the 

previous two iterations (AEQ-GCHEM Version 1 and AEQ-GCHEM Version 2) are shown here.

AEQ-GCHEM Version 1

The AEQ-GCHEM Version 1 was developed by adding chemistry language to the AEQ-S 

(Bieleke, 2021). Factor analysis was conducted on the data produced by this instrument (n = 94) 

both on each individual subscale (Table SI.2) as well as the instrument as a whole. The factor 

analysis on the entire instrument was conducted using the same four models as discussed in this 

article. While no model showed an adequate fit of the data, the fourth model showed the best fit: 

CFI = 0.910, SRMR = 0.144, RMSEA = 0.097. Further modifications, based on data from the 

factor analysis and student interviews, were made to this iteration of the instrument to develop 

the AEQ-GCHEM Version 2 (Table SI.2).
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Table SI.2. Factor Analysis Indices of Individual Setting-emotion Scales in the AEQ-GCHEM 

Version 1.

Setting (Classroom, Learning, Testing, Laboratory)Emotion
CFI SRMR RMSEA

Enjoyment (0.948, 0.992, 0.974, 0.970) (0.04, 0.03, 0.04, 0.03) (0.22, 0.09, 0.15, 0.22)
Hope (0.993, 1, 1, 1) (0.02, 0.02, 0.01, 0.01) (0.09, 0, 0, 0)
Pride (1, 0.968, 0.988, 0.956) (0.02, 0.04, 0.02, 0.07) (0, 0.16, 0.15, 0.19)
Anger (1, 0.999, 1, 0.995) (0.02, 0.03, 0.01, 0.02) (0, 0.05, 0, 0.08)
Anxiety (0.986, 1, 1, 0.952) (0.03, 0.01, 0.02, 0.04) (0.12, 0, 0.06, 0.24)
Shame (1, 0.994, 0.928, 1) (0.01, 0.02, 0.04, 0.01) (0, 0.10, 0.41, 0)
Hopelessness (0.996, 1, 0.977, 1) (0.02, 0, 0.02, 0.01) (0.08, 0, 0.23, 0)
Boredom (0.983, 1, -, 0.998) (0.02, 0.01, -, 0.03) (0.16, 0, -, 0.15)
Relief (-, -, 0.924, -) (-, -, 0.08, -) (-, -, 0.29, -)
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Table SI.3. List of the Item Modifications to AEQ-CHEM Version 1 in Order to Create AEQ-GCHEM Version 2.

Scale Original Item Modified Item Rationale Percent of Students which 
Misinterpreted Original 

Item
Classroom –
Hope

I am full of hope in 
my general chemistry 
class.

When I am taught a 
new concept, I am 
confident that I will 
attain a basic 
understanding of it.

Students found the original 
statement too vague and did not 
interpret it consistently. 47%

Classroom –
Anger

I am angry in my 
general chemistry 
class.

My general 
chemistry class 
annoys me.

Students found the original 
statement too vague and did not 
interpret it consistently. 90%

Learning – 
Pride

I am proud of myself 
in my general 
chemistry class.

I’m proud of how I 
study for my 
general chemistry 
class.

Students were not consistently 
using their Pride emotions from 
the Learning setting to answer the 
original prompt.

83%

Testing –
Pride

I am proud of myself 
in my general 
chemistry class.

I am proud of my 
performance on 
general chemistry 
exams.

Students were not consistently 
using their Pride emotions from 
the Testing setting to answer the 
original prompt.

77%

Testing –
Pride

After the chemistry 
exam, I feel ten feet 
taller because I am so 
proud of myself.

After the chemistry 
exam, I feel 
overjoyed because I 
am so proud of 
myself.

Students did not consistently 
understand or interpret the 
metaphor in the original prompt. 90%
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Testing –
Pride

After the chemistry 
exam, I wish I could 
tell the teacher off.

I resent having to 
take exams in my 
general chemistry 
class.

The original statement elicited too 
strong of an emotion that most 
students, even those who related 
to the other Testing-Anger 
prompts, did not agree to 
experiencing.

73%
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AEQ-GCHEM Version 2

The AEQ-GCHEM Version 2 was developed by modifying items that contributed to poor fit or 

produced poor evidence of test content validity from interviews with students. Factor analysis 

was conducted on the data produced by this instrument (n = 394) both on each individual 

subscale (Table SI.4) as well as the instrument as a whole. The factor analysis on the entire 

instrument was conducted using the same four models as discussed in this article. While no 

model showed a fully adequate fit of the data, the fourth model showed the best fit: CFI = 0.932, 

SRMR = 0.092, RMSEA = 0.082. Further modifications, based on data from the factor analysis 

and student and expert interviews, were made to this iteration of the instrument to develop the 

final iteration of the AEQ-GCHEM (Table SI.4).

Table SI.4. Factor Analysis Indices of Individual Setting-emotion Scales in the AEQ-GCHEM 
Version 2.

Setting (Classroom, Learning, Testing, Laboratory)Emotion
CFI SRMR RMSEA

Enjoyment (1, 0.970, 0.969, 0.985) (0.01, 0.04, 0.04, 0.03) (0, 0.16, 0.18, 0.13)
Hope (1, 0.976, 1, 0.990) (0.01, 0.03, 0, 0.02) (0, 0.15, 0, 0.10)
Pride (1, 0.844, 0.936, 0.969) (0.01, 0.10, 0.07, 0.04) (0, 0.31, 0.28, 0.15)
Anger (0.991, 0.965, 0.977, 0.993) (0.02, 0.04, 0.03, 0.02) (0.08, 0.20, 0.16, 0.10)
Anxiety (0.962, 0.992, 1, 0.999) (0.04, 0.02, 0.01, 0.02) (0.20, 0.10, 0.02, 0.03)
Shame (0.967, 0.974, 0.979, 1) (0.03, 0.03, 0.02, 0.01) (0.20, 0.16, 0.18, 0)
Hopelessness (0.970, 0.966, 0.972, 0.992) (0.03, 0.03, 0.03, 0.02) (0.19, 0.21, 0.22, 0.11)
Boredom (0.938, 1, -, 0.977) (0.04, 0.01, -, 0.02) (0.29, 0, -, 0.19)
Relief (-, -, 0.852, -) (-, -, 0.09, -) (-, -, 0.45, -)
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Table SI.5. List of the Item Modifications to AEQ-CHEM Version 2 in Order to Create the AEQ-GCHEM.

Scale Original Item Modified Item Rationale Percent of Students which 
Misinterpreted Original Item

Classroom –
Pride

I am proud of myself. When I am in my 
chemistry class, I 
feel proud of 
myself.

Students found the original 
statement too vague and did not 
interpret it consistently. 67%

Classroom –
Anger

I am irritated by the 
results of my efforts in 
my general chemistry 
class.

I am angered by the 
results of my efforts 
in my general 
chemistry class.

Responses to the original statement 
did not align with the responses to 
the other Classroom-Anger 
prompts.

50%

Learning –
Enjoyment

When my general 
chemistry studies are 
going well, it gives me a 
rush.

When doing my 
chemistry 
homework, I am in 
a good mood.

Students did not consistently 
interpret the metaphor “it gives me 
a rush” in the original prompt. 87%

Learning –
Pride

Because I want to be 
proud of my 
accomplishments in my 
general chemistry class, 
I am very motivated.

I am very motivated 
because I want to be 
proud of my 
achievements in my 
general chemistry 
class.

Students found the original prompt 
to be difficult to read and 
understand. The modified prompt 
did not cause this difficulty for the 
same students.

80%

Learning –
Pride

When I excel at my 
general chemistry class, 
I swell with pride.

After having done 
my chemistry 
homework, I am 
proud of myself.

Students did not consistently 
interpret the metaphor “I swell 
with pride”. Students also did not 
consistently relate the original 
prompt to the Learning Setting.

93%
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Testing –
Enjoyment

Because I enjoy 
preparing for my general 
chemistry tests, I’m 
motivated to do more 
than is necessary.

Because I look 
forward to getting a 
good grade, I study 
hard for my 
chemistry test.

Students did not have a consistent 
idea of the relationship between 
enjoyment and motivation, leading 
to inconsistent responses. 87%

Testing –
Enjoyment

Before taking a 
chemistry exam, I sense 
a feeling of eagerness.

After taking a 
chemistry test, I 
often feel that 
things are going 
great.

Students did not have a consistent 
idea of the feeling of “eagerness” 
with interpretations ranging from 
giddiness (positive feeling) to 
anxiety (negative feeling).

90%
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Spearman Rank-Order Correlations Between Subscales

Below are the Spearman rank-order correlations between subscales in the learning, testing, and 

laboratory settings. For the learning setting (Table SI.6), the correlations ranged from -0.75 to 

+0.85 (all correlations were significant, p < 0.05). For the testing setting (SI.6), the correlations 

ranged from -0.71 to +0.81 (all correlations were significant, p < 0.05, except for one Relief 

correlation, p > 0.05). For the laboratory setting (Table SI.7), the correlations ranged from -0.62 

to +0.73 (all correlations were significant, p < 0.05).

Table SI.6. Spearman’s Correlations between AEQ-GCHEM Subscales in the Learning Setting.

Variables 1 2 3 4 5 6 7 8
1 Enjoyment 1
2 Hope 0.71 1
3 Pride 0.58 0.63 1
4 Anger -0.56 -0.52 -0.35 1
5 Anxiety -0.47 -0.59 -0.31 0.64 1
6 Shame -0.50 -0.70 -0.42 0.57 0.73 1
7 Hopelessness -0.57 -0.75 -0.48 0.61 0.72 0.85 1
8 Boredom -0.54 -0.37 -0.45 0.55 0.30 0.25 0.35 1

Table SI.7. Spearman’s Correlations between AEQ-GCHEM Subscales in the Testing Setting.

Variables 1 2 3 4 5 6 7 8
1 Enjoyment 1
2 Hope 0.78 1
3 Pride 0.65 0.69 1
4 Anger -0.62 -0.62 -0.54 1
5 Anxiety -0.56 -0.59 -0.50 0.60 1
6 Shame -0.57 -0.64 -0.65 0.64 0.74 1
7 Hopelessness -0.66 -0.71 -0.69 0.73 0.70 0.81 1
8 Relief 0.22 0.32 0.36 -0.14 -0.03* -0.22 -0.25 1

*This correlation was not significant (p > 0.05)
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Table SI.8. Spearman’s Correlations between AEQ-GCHEM Subscales in the Laboratory 

Setting.

Variables 1 2 3 4 5 6 7 8
1 Enjoyment 1
2 Hope 0.65 1
3 Pride 0.62 0.66 1
4 Anger -0.62 -0.50 -0.35 1
5 Anxiety -0.37 -0.61 -0.33 0.48 1
6 Shame -0.42 -0.55 -0.41 0.51 0.72 1
7 Hopelessness -0.50 -0.58 -0.43 0.57 0.64 0.73 1
8 Boredom -0.60 -0.37 -0.33 0.62 0.30 0.37 0.42 1

Table SI.9. Factor loadings and item variance for each survey item.

Factors/Items
Factor 
Loading

Item 
Varianc
e

Factor: Classroom-Enjoyment
   I enjoy being in my general chemistry class. 0.821 0.323
   I am looking forward to learning a lot in my general chemistry class. 0.753 0.432
   I am motivated to go to my general chemistry class because it is 
exciting.

0.833 0.307

   I enjoy participating so much that I get energized. 0.668 0.554
Factor: Classroom-Hope
   I am confident when I go to my general chemistry class. 0.825 0.320
   When I am taught a new concept, I am confident that I will attain a 
basic understanding of it.

0.739 0.453

   I am confident because I understand the material in my general 
chemistry class.

0.862 0.258

   Being confident that I will understand the material motivates me. 0.465 0.784
Factor: Classroom-Pride
   When I am in my chemistry class, I feel proud of myself 0.698 0.513
   I think that I can be proud of what I know about chemistry. 0.835 0.303
   Because I take pride in my accomplishments in my general chemistry 
course, I am motivated to continue.

0.713 0.492

   When I do well in my general chemistry class, my heart throbs with 
pride.

0.373 0.861

Factor: Classroom-Anger
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Factors/Items
Factor 
Loading

Item 
Varianc
e

   My general chemistry class annoys me. 0.671 0.550
   When I think of the time I wasted in my general chemistry class, I get 
aggravated.

0.567 0.678

   I wish I didn't have to attend my general chemistry class because it 
makes me angry.

0.869 0.245

   I am angered by the results of my efforts in my general chemistry 
class.

0.556 0.691

Factor: Classroom-Anxiety
   I feel nervous in my general chemistry class. 0.873 0.238
   Even before my general chemistry class, I worry whether I will be 
able to understand the material.

0.786 0.383

   Because I am so nervous, I would rather skip my general chemistry 
class.

0.519 0.731

   I get tense in my general chemistry class. 0.721 0.480
Factor: Classroom-Shame
   I get embarrassed in my general chemistry class. 0.780 0.392
   When I say anything in my general chemistry class, I feel like I'm 
making a fool of myself.  

0.812 0.341

   After I have said something in my general chemistry class, I wish I 
could crawl into a hole and hide.

0.862 0.257

   Because I get embarrassed in my general chemistry class, I become 
tense and inhibited.

0.893 0.203

Factor: Classroom-Hopelessness
   I feel hopeless in my general chemistry class. 0.826 0.318
   I have lost all hope in understanding my general chemistry class. 0.821 0.326
   Because I have given up, I don't have the energy to go to my general 
chemistry class.

0.675 0.544

   I feel so hopeless that all of my energy is depleted after my general 
chemistry class.

0.781 0.390

Factor: Classroom-Boredom
   I get bored in my general chemistry class. 0.900 0.190
   The lectures in my general chemistry class bore me. 0.896 0.197
   I think about what else I might be doing rather than sitting in my 
boring general chemistry class.

0.783 0.388

   I get restless because I cannot wait for my general chemistry class to 
end.

0.757 0.427

Factor: Learning-Enjoyment
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Factors/Items
Factor 
Loading

Item 
Varianc
e

   I enjoy the challenge of learning the material in my general chemistry 
class.

0.784 0.385

   I enjoy dealing with the general chemistry material. 0.828 0.314
   I am so happy about the progress I made that I am motivated to 
continue studying chemistry.

0.633
0.600

   When doing my chemistry homework, I am in a good mood. 0.691 0.523
Factor: Learning-Hope
   I feel confident when studying for my general chemistry course. 0.765 0.415
   I feel confident that I will be able to master my general chemistry 
material.

0.842
0.291

   I feel optimistic that I will make good progress at studying for my 
general chemistry.

0.784
0.385

   My sense of confidence motivates me to do well in my general 
chemistry class.

0.735
0.459

Factor: Learning-Pride
   I'm proud of how I study for my general chemistry class. 0.749 0.439
   I think I can be proud of my accomplishments at studying for my 
general chemistry course.

0.861
0.258

   I am very motivated because I want to be proud of my achievements 
in my general chemistry class.

0.439
0.808

   After having done my chemistry homework, I am proud of myself. 0.523 0.726
Factor: Learning-Anger
   Studying for my general chemistry class makes me irritated. 0.902 0.187
   I get annoyed about having to study for my general chemistry class. 0.804 0.354
   I get so angry I feel like throwing my chemistry textbook out of the 
window.

0.595
0.646

   When I sit at my desk and study general chemistry for a long time, 
my irritation makes me restless.

0.640
0.590

Factor: Learning-Anxiety
   I get tense and nervous while studying for my general chemistry 
class.

0.785
0.385

   I worry whether I'm able to cope with all of my work in my general 
chemistry class.

0.796
0.366

   While studying for my general chemistry class, I feel like distracting 
myself in order to reduce my anxiety.

0.794
0.370

   Worrying about not completing the general chemistry material makes 
me anxious.

0.701
0.509
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Factors/Items
Factor 
Loading

Item 
Varianc
e

Factor: Learning-Shame
   I feel ashamed when I study for my general chemistry class. 0.800 0.360
   I feel ashamed when I realize that I lack the ability to learn the 
material in my general chemistry class.

0.816
0.335

   Because I have had so much trouble with the general chemistry 
material, I avoid discussing it.

0.799
0.361

   When somebody notices how little I understand the chemistry 
material, I avoid eye-contact.

0.791
0.374

Factor: Learning-Hopelessness
   I feel helpless when I think about my general chemistry class. 0.887 0.213
   I'm resigned to the fact that I don't have the capacity to master the 
general chemistry material.

0.817
0.333

   I feel so helpless that I can't give my chemistry studies my full 
efforts.

0.853
0.273

   My lack of confidence makes me exhausted before I even start 
studying for my general chemistry class.

0.866
0.250

Factor: Learning-Boredom
   Studying for my general chemistry class bores me. 0.807 0.349
   The chemistry material is so boring that I find myself daydreaming 
while studying.

0.870
0.244

   I would rather put off my boring general chemistry coursework until 
tomorrow.

0.749
0.439

   While studying chemistry, I seem to drift off because it's so boring. 0.876 0.233
Factor: Testing-Enjoyment
   I enjoy taking general chemistry exams. 0.837 0.300
   For me, the chemistry test is a challenge that is enjoyable. 0.901 0.189
   Because I look forward to getting a good grade, I study hard for my 
chemistry test.

0.250
0.938

   After taking a chemistry test, I often feel that things are going great. 0.644 0.585
Factor: Testing-Hope
   I am optimistic that everything will work out fine in my general 
chemistry class.

0.765
0.415

   I am very confident in my ability to take exams in my general 
chemistry class.

0.852
0.274

   I think about my chemistry exams optimistically. 0.878 0.228
   My confidence motivates me to prepare well for my general 
chemistry exams.

0.730
0.466
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Factors/Items
Factor 
Loading

Item 
Varianc
e

Factor: Testing-Pride
   I am proud of my performance on general chemistry exams. 0.936 0.123
   I am proud of how well I mastered the chemistry exam. 0.923 0.148
   Pride in my knowledge fuels my efforts in taking the chemistry exam. 0.756 0.428
   After the chemistry exam, I feel overjoyed because I am so proud of 
myself.

0.914
0.165

Factor: Testing-Relief
   After a chemistry exam, I feel relief. 0.736 0.459
   After a chemistry exam, I feel freed. 0.828 0.315
   After a chemistry exam, the tension in my stomach dissipates. 0.887 0.213
   After a chemistry exam, I can finally breathe easy again. 0.919 0.156
Factor: Testing-Anger
   I get angry during my chemistry exams. 0.682 0.535
   I get angry about the chemistry instructor's grading standards. 0.500 0.750
   I resent having to take exams in my general chemistry class. 0.838 0.298
   I get frustrated taking exams in my general chemistry course. 0.845 0.286
Factor: Testing-Anxiety
   I am very nervous during my general chemistry exams. 0.886 0.214
   I worry about whether the chemistry test will be too difficult. 0.786 0.382
   I get so nervous that I wish I could just skip the chemistry exam. 0.746 0.444
   At the beginning of the chemistry exam, my heart starts pounding. 0.722 0.479
Factor: Testing-Shame
   I feel ashamed during my general chemistry exams. 0.908 0.175
   I get embarrassed because I cannot answer the questions correctly on 
my chemistry exams.

0.895
0.199

   I get so embarrassed during and after my chemistry exams that I want 
to run and hide.

0.861
0.259

   Because I am ashamed, my pulse races during my chemistry exams. 0.837 0.299
Factor: Testing-Hopelessness
   I feel hopeless when taking a chemistry exam. 0.912 0.169
   I start to think that no matter how hard I try I won't succeed on the 
chemistry test.

0.909
0.173

   I feel like giving up when I'm taking a chemistry exam. 0.876 0.232
   I feel so resigned that I have no energy during my chemistry exams. 0.853 0.272
Factor: Laboratory-Enjoyment
   I enjoy being in chemistry labs. 0.867 0.248
   I look forward to learning a lot in my chemistry labs. 0.923 0.149
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Factors/Items
Factor 
Loading

Item 
Varianc
e

   Because I enjoy chemistry labs, I am motivated to prepare well for 
them.

0.836
0.300

   When I obtain good lab results, I feel a rush of energy. 0.479 0.770
Factor: Laboratory-Hope
   I am confident when I go to my chemistry lab. 0.844 0.287
   I feel confident that I will obtain good results in my chemistry lab. 0.846 0.285
   I am confident that I understand the chemistry lab procedure. 0.789 0.378
   Being confident in my ability to perform the chemistry lab motivates 
me.

0.751
0.436

Factor: Laboratory-Pride
   I am proud of myself. 0.729 0.469
   I am proud of how well I prepared for my chemistry lab. 0.731 0.465
   Because I take pride in my lab results, I feel motivated. 0.872 0.239
   When I excel in chemistry lab, I swell with pride. 0.631 0.602
Factor: Laboratory-Anger
   I get angry in my chemistry lab. 0.762 0.419
   When I think of the time I waste in my chemistry lab, I get 
aggravated.

0.782
0.389

   I wish I didn't have to attend my chemistry lab because it makes me 
angry.

0.906
0.179

   The lab reports in my chemistry lab make me angry. 0.670 0.551
Factor: Laboratory-Anxiety
   I feel nervous in my chemistry lab. 0.784 0.385
   Before I go to my chemistry lab, I worry that I do not understand the 
lab procedure.

0.791
0.374

   I am so nervous that I would rather skip my chemistry lab. 0.639 0.592
   Worrying about not obtaining results in my chemistry lab makes me 
tense up.

0.740
0.452

Factor: Laboratory-Shame
   I feel ashamed in my chemistry lab. 0.802 0.357
   I get embarrassed if I have to ask a question in my chemistry lab. 0.831 0.309
   I feel so embarrassed that I would rather perform the lab incorrectly 
than ask the instructor for help.

0.721
0.480

   I get so embarrassed in my chemistry lab that I want to run and hide. 0.816 0.334
Factor: Laboratory-Hopelessness
   I feel hopeless in my chemistry lab. 0.803 0.355
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Factors/Items
Factor 
Loading

Item 
Varianc
e

   I often feel that I have lost all hope in obtaining good results in my 
chemistry lab.

0.920
0.154

   I feel so helpless that I cannot give my chemistry lab my full efforts. 0.832 0.308
   I am resigned to the fact that I do not have the capacity to obtain good 
results in my chemistry lab.

0.822
0.325

Factor: Laboratory-Boredom
   I get bored in my chemistry lab. 0.894 0.201
   The chemistry lab is so boring that I find myself daydreaming. 0.869 0.245
   I think about what else I could be doing rather than being in my 
chemistry lab.

0.845
0.286

   I get restless because I cannot wait for my chemistry lab to end. 0.737 0.458

Table SI.10. Covariances among Achievement Emotions

Variables Emotion 1 2 3 4 5 6 7 8 9

1 Enjoyment 1

2 Hope 0.811 1

3 Pride 0.799 0.814 1

4 Anger -0.743 -0.711 -0.548 1

5 Anxiety -0.521 -0.736 -0.466 0.712 1

6 Shame -0.545 -0.788 -0.639 0.715 0.872 1

7 Hopelessness -0.675 -0.854 -0.686 0.791 0.813 0.921 1

8 Boredom -0.705 -0.446 -0.499 0.690 0.336 0.323 0.444 1

9 Relief 0.228 0.258 0.353 -0.087 -0.044 -0.240 -0.261 -0.057 1

Table SI 11. Illustrative excerpts from expert interviews supporting the face validity of the 
instrument
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in my general 
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class.”

Anxiety

Would a student in 
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experience this 
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item elicit that 
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“Yes, students often feel 
nervous in this setting, and 
this item clearly reflects that 
kind of anxiety associated 
with being in a chemistry 
class.” 
(Expert 2)
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“I enjoy learning 
new concepts in 
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Enjoyment

Does this item reflect a 
realistic emotional 
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of the learning experience for 
some students. Item is clear.” 
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