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Syllabi contain information about an instructor’s teaching and have been used as a measure of 
change in response to professional development. Syllabus scores have been linked to more 
widely used and resource intensive measures of change, including observations and surveys. We 
used the theory of planned behavior to examine the relationship between syllabus scores and self 
reported teaching practices and tested for changes in these measures in response to professional 
development. We found syllabi scores can approximate instructor teaching intentions, which 
seemed to manifest in their use of teaching practices. Instructors’ teaching intentions changed in 
response to PD, but their teaching practices did not. These findings are consistent with the 
theory of planned behavior, indicating that intentions change before behaviors, which supports 
the use of syllabi as a measure of change that can be economically deployed and detect nascent 
changes in teaching practices. 
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Non-didactic, student-centered teaching practices are well documented as effective for 
enhancing student learning and achievement in undergraduate STEM education (Freeman et al., 
2014). Evidence also indicates that student-centered teaching practices contribute to reducing 
achievement gaps among students historically underrepresented in STEM (Ernst & Colthorpe, 
2007; Haak et al., 2011; Eddy & Hogan, 2014; Freeman et al., 2014). Despite these benefits, 
widespread adoption remains limited; estimates suggest that only about 20% of STEM 
instructors consistently implement student-centered teaching practices in their teaching (Stains et 
al., 2018; Eagan, 2016). Consequently, many students have little exposure to student-centered 
teaching practices and miss out on their potential advantages.  

Professional development (PD) has been identified as an influential strategy in increasing 
instructors’ use of student-centered teaching practices in undergraduate STEM education (Khatri 
et al., 2013; Laursen et al., 2019). However, relatively few studies have examined the 
relationship between teaching-focused PD and the instructional practices of STEM faculty across 
disciplines such as math, chemistry, physics, and biology (Archie et al., 2022; Benabentos et al., 
2020; Borda et al., 2020; Chasteen & Chattergoon, 2020; Manduca et al., 2017; Bathgate et al., 
2019).  Research in this area may be limited, at least in part, by the research methods commonly 
utilized in this research, including classroom observations, surveys, and interviews. These 
research methods are time-consuming and labor-intensive and thus make this type of research 
expensive to conduct. More economical research methods have the potential to encourage new 
research, especially given the current funding constraints in STEM education research.  

Syllabi are a rich data source that can be collected easily and analyzed quickly using syllabus 
scoring tools such as the Measuring the Promise (MtP), a syllabus rubric that been shown to 
detect changes in teaching practices (Mumpower et al., 2024), including changes in response to 
professional development (CTE, 2017; Favre et al. 2021; Schmid et al., 2021). While the MtP 
authors emphasize that the “syllabus is only a proxy to actual classroom practices and student 



learning and is in itself neither a measure of teaching effectiveness nor necessarily an accurate 
reflection of an instructor’s values,” it can be argued that the syllabus can reflect an instructor’s 
intentions for teaching: it is created before an instructor performs any teaching and describes the 
intent of the course and what student will learn (Palmer et al, 2014a). Research has shown that 
syllabi and classroom observations are positively associated (Laursen & Archie, 2018), 
suggesting that instructor intent indeed translates to their teaching.  

The temporal relationship between syllabi and teaching practices is well aligned with the 
Theory of Planned Behavior (TPB) in which behavioral intentions are the primary determinants 
of actual behavior (Ajzen, 1991). Intentions, in turn, are shaped by three key constructs: attitude, 
subjective norms, and perceived behavioral control. Attitude refers to an individual’s overall 
positive or negative evaluation of a given behavior. Subjective norms represent an individual’s 
perception of social pressure to carry out or avoid the behavior. Perceived behavioral control 
reflects the extent to which an individual believes they can perform the behavior and exercise 
control over it. Importantly, for intentions to translate into action, individuals must possess the 
requisite ability to perform the behavior. Consequently, perceived behavioral control is 
hypothesized to exert a direct influence on actual behavior, in addition to its effect on intentions.  

The TPB has been employed to examine shifts in teaching and learning within STEM 
education (Reinholz & Andrews, 2020). Specifically, it has been used to explain mathematics 
and physics instructors’ adoption of research-based instructional strategies after participating in 
professional development programs (Archie et al., 2022; Chasteen & Chattergoon, 2020). In this 
study, the TPB is used to explore the relationship between the syllabus and instructors’ teaching 
practice, using the MtP syllabus rubric as an indicator of change in practice. In this study, we 
answered two research questions: 

1. What is the relationship between instructors’ behavioral intent (syllabi scores) and their 
behavior (use of student-centered teaching scores)? 

2. Do instructors’ behavioral intentions and behavior change after participating in 
professional development? 

Methods 
The study design was approved by the university’s IRB and all instructors gave informed 

consent. 

Study Population and Survey Sample 
Study participants were early-career undergraduate mathematics instructors who participated 

in MAA Project NExT), New Experiences in Teaching, professional development program. 
Briefly, this full-year program provides strategies and advice for teaching and navigating the 
academic environment, with an emphasis on a variety of inclusive and student-centered 
approaches to teaching (MAA, n.d.; Higgins, 2012). Because this analysis focuses on syllabi as a 
measure of change, rather than on outcomes of the PD, we do not describe the program in detail.  

Participants completed a pre-survey at the end of the academic term preceding participation 
in the PD program, a mid point survey 1 year into the PD program, and a final survey at the end 
of the PD program. The survey asks respondents to report on a specific course they taught and to 
upload the syllabus for their selected course. A total of 171 instructors completed the pre survey 
and provided a syllabus, 110 completed the midpoint survey and provided a syllabus, and 72 
completed a final survey and provided a syllabus. To maximize statistical power, we computed a 
“post” syllabi score from the final time point (n = 72) or the mid time point for survey 



participants who provided a syllabus at the mid time point, but not at the final time point (n = 
70), for a total of 142 respondents.  

Of the 171 unique respondents, 168 provided some demographic information. 48% identified 
as men, 46% identified as women, 5% identified as other than man or woman. 72% identified as 
white, 15% identified as Asian, 8% identified as Hispanic, and 3% identified as Black. 61% were 
assistant professors and 34% were non-tenure-track instructors or visiting professors. 41% taught 
at a PhD granting institution, 44% at a 4-year institution, and 15% at a Master’s granting 
institution. 16% taught at a minority-serving institution, and the remaining 84% did not or did 
not know if they taught at a minority-serving institution.  

Survey measures. In this study, the TPB construct of “behavior” was operationalized using 
self-reported teaching practices. Respondents were asked to report the percentage of time they 
used 11 teaching practices in a specific course over the course of the term, totaling to 100%.  We 
then computed “behavior”: as the proportion of time using three student-centered teaching 
practices (student group work + student presentation + class discussion).  Syllabi scores were 
used as a measure of the TPB construct “behavioral intent”, and the scoring procedure is 
described in the following section. Departmental expectations to use non-lecture based teaching 
strategies represented the “subjective norm” construct. The item was worded as “How much do 
colleagues in your department have formal or informal expectations for instructors' teaching? - 
Expectation to use a variety of techniques” and was coded on a five-point scale (1=not at all, 5=a 
great deal). 

The TPB construct, “perceived behavioral control”, was operationalized by one item, “How 
much effort have you made to implement active learning strategies in your teaching?” and was 
coded on a five-point scale (1=no effort, 5= a great deal of effort). 

Instructors were asked three growth mindset questions (Dweck, 2006) that have been shown 
to be related to the use of student-centered teaching practices (Aragón et al., 2018). These items 
were reverse coded on a five-point scale (1 = strongly agree, 5 = strongly disagree). 

Syllabus scoring. Prior to coding, syllabi were deidentified with respect to instructor 
name(s) and contact info, higher education institution, and other wording that might identify the 
course. Calendar year dates were removed to mask whether the syllabus was part of the pre-
program or follow-up sample. 

Two of the authors (SL, SW) followed an iterative process to test and modify the Making the 
Promise (MtP) rubric. They first applied the MtP rubric to four annotated reference syllabi from 
the rubric authors (CTE, 2017) and discussed findings. They then applied the MtP rubric to 15 
college-level course syllabi collected in prior mathematics education studies. The authors scored 
several syllabi individually, then discussed their scoring rationales until they came to consensus. 
They revised the rubric to specify the levels of evidence for each item, to clarify rubric language, 
and to distinguish items so they were non-overlapping, and repeated this process several times 
across the set of 15 syllabi. This yielded a detailed modified rubric outlining three scoring levels 
(low, medium, and high) for each of 15 items. An overview of the modified MtP rubric items and 
scoring is provided in Figure 1. 

Like the original MtP rubric, our modified rubric contained five subsections: learning goals, 
assessment, schedule, classroom environment, and class activities. Added language specifies the 
kinds of evidence that support scoring and allows the rater to reliably assess whether the strength 
of evidence for each item is low, medium, or high. These descriptions also support the rater in 
making decisions around evidence that can be inferred from the syllabus text. Such evidence can 
be used to support scoring an item as medium, but cannot be used to support a high score.   



Following this iterative process, the two authors individually rated a new set of ten 
mathematics syllabi, five collected for this study. Author TW calculated interrater reliability 
statistics on the results, finding an interrater agreement of 65%, an intraclass correlation (ICC) of 
0.73, and a Kappa of 0.67. These statistics are in acceptable ranges for interrater reliability; a 
Kappa of 0.618-0.8 is considered “substantial” (Cohen et al., 2000). One rater subsequently 
applied the rubric to the entire dataset of mathematics syllabi (n = 380). Eight syllabi were 
excluded due to substantial missing information (e.g., grading scheme) that made the syllabus 
impossible to score, or a lack of alignment with inclusion criteria (e.g., not an undergraduate 
course). A total of 353 syllabi were scored on each of 15 individual items. Low, medium, and 
high item scores were converted to 0, 1, or 2 points, respectively, then multiplied by the item 
weight (Figure 1) to arrive at a numerical score. We adjusted the weighting of items #9 and #14, 
as described in Figure 1. The total maximum score for each syllabus was 54.  

Any rubric is potentially influenced by bias, and bias can be magnified by differential 
weighting of items.  We reduced item weighting where our syllabus set tended to lack 
information important to evaluating the item, but did not alter the weighting of the original 
authors’ judgments of the relative importance of different items. Overall, the original MtP rubric 
puts significant weight on learning goals, learning objectives, and the alignment of those goals 
with assessments and classroom activities, and less heavily weights the quality of classroom 
activities and the classroom environment.  A differently weighted rubric could generate score 
patterns and analyses with slightly different implications. 

 
Item Short definition Modifications made Item weight Max item 

score 
1 Big picture learning goals and measurable smaller 

learning objectives are articulated or implied. 
Together, goals and objectives address all of Fink's 
six dimensions of learning (Fink, 2013). 

Focused on breadth of learning goals, operationalized as 
number of Fink’s dimensions included in the set of 
learning goals and objectives (rather than mere presence 
of learning goals).  

3 6 

2 Learning goals and learning objectives are 
separately defined and clearly articulated. Learning 
goals be may written broadly, but learning 
objectives are measurable and use specific action 
verbs.  

Reduced overlap with item #1 with a focus on the degree 
to which learning goals are clearly and measurably 
articulated (rather than the presence of learning 
objectives).  

3 6 

3 Learning objectives are appropriately pitched to the 
course level, class size, position of the course 
within the curriculum, and characteristics of 
students taking the class.  

Not assessed for this study, due to a lack of needed 
contextual information.  

0 0 

4 Assessments are aligned with learning goals and 
objectives. 

Focused on alignment only; removed considerations of 
grade weighting. 

3 6 

5 Major assessments are well defined, rationalized, 
and involve "authentic tasks". 

No changes.  2 4 

6 There is frequent formative assessment and 
scaffolding of learning that encourages students to 
attend to past learning and iterate their efforts.  

Added wording about scaffolding and iteration of effort.  1 2 

7 Assessments are adequately paced, spreading out 
the student workload and giving students 
information in a timely manner to make decisions 
about enrollment. 

Focuses on how well pacing information aids students in 
making enrollment decisions. Removed wording about 
scaffolding, reducing overlap with #6.  

1 2 

8 The grading scheme is weighted appropriately for 
the assessment design.  

Focus is placed on grade weighting. Removed wording 
about goals alignment. Both changes reduce overlap with 
#4. Removed wording about where the grading scheme 
is placed in the syllabus.  

1 2 

9 Schedule is fully articulated and provides evidence 
for a logical progression of learning. 

Reduced weighting from 3 to 2 because schedule 
information was often provided in a course LMS, not 
accessible to this study 

2 4 

10 Invites the learner and indicates a positive and 
collaborative class environment.  

Removed wording about “big questions” addressed by 
course content.  

2 4 



11 Supports connected and lifelong learning. Answers 
the question: Why should you learn this for your 
life?  

Removed considerations about grading schemes to 
reduce overlap with #8.  

2 4 

12 Signposts that the work will be challenging, and 
students will be supported to enable their success.  

Focused on methods for supporting students through 
challenging work. Removed wording about rigor and 
expectations to reduce overlap with #1, 2, 4, and 8. 

1 2 

13 An organized, learning-supportive, interactive 
document. 

No changes.  1 2 

14 Classroom activities are aligned with assessments. Removed wording about alignment with learning 
objectives, to reduce overlap with #4. Reduced score 
weighting from 3 to 2 because information needed to 
score this item was rarely provided.  

2 4 

15 Learning activities are derived from evidence-
based practices. 

No changes. 2 4 

16 Class activities engage students in a variety of 
ways. 

No changes.  1 2 

Figure 1. Rubric items, definitions, and modifications to the original Making the Promise rubric and scoring. 
 
Data Analysis 

A structural equation model was used to answer RQ1. (AMOS 31, SPSS Inc., Chicago, IL, 
USA). This analysis was limited to 99 survey responses with complete data and only included 
one response from any individual respondent across time points. The model was calculated using 
maximum likelihood estimation and model fit was evaluated using two indices: the Comparative 
Fit Index (CFI) and the Root Mean Square Error of Approximation (RMSEA). CFI values range 
from 0 to 1, with values ≥ 0.95 indicating good fit (Hu & Bentler, 1999). RMSEA values ≤ 0.05 
are interpreted as evidence of close fit (Browne, 1993). 

  RQ2 was answered using independent samples t-tests to test for differences in pre and post 
syllabus scores and average use of student-centered teaching practices.  

Results 
A path model was used to answer RQ1. The model fit indices were within acceptable ranges 

(CMIN = (df) 3.830 (2) p = 0.147, CFI = 0.99, RMSEA =0.035). As shown in Figure 2, we found 
positive, statistically significant standardized direct effects in all but one of the specified paths in 
the structural model. Among the four variables hypothesized to influence behavioral intention 
(syllabi scores), both perceived behavioral control (effort in implementing student-centered 
practices) and attitude (growth mindset items) showed comparable moderate effects, while 
subjective norm (departmental expectations for teaching) showed a minimal and non-significant 
direct effect. Behavioral intention and perceived behavioral control were both expected to 
directly influence behavior (use of student-centered teaching practices), with each showing a 
moderate positive association with behavior. The model explained moderate amounts of 
variability in both behavioral intention (R2 = 0.23) and behavior (R2 = 0.31).  

T-tests used to answer RQ2 revealed statistically significant positive change (Table 1) in 
overall syllabi scores and in two of the five syllabus categories: learning goals and assessments. 
All other categories showed positive minimal effects that were not statistically significant. 
Instructor use of student-centered teaching practices shifted from 32% to 35% from pre to post, a 
minimal and not statistically significant difference.  
 



 
Figure 2. Structural equation model of the theory of planned behavior with standardized direct effects.  

Table 1. Pre/post comparison of syllabus scores, subscores, and average percent course time using 
student-centered teaching practices: T-test results   

Category Pre Post t df p d 
Overall score 24.3 26.7 2.724 324 0.007 0.31 
Learning goals 5.98 7.12 3.300 324 0.001 0.37 
Assessments 8.73 9.58 3.100 324 0.002 0.35 
Schedule 1.70 1.65 0.455 324 0.650 0.05 
Environment 4.37 4.51 0.511 324 0.610 0.06 
Learning activities 3.52 3.83 0.961 324 0.337 0.11 
Teaching practices 32.35 34.55 0.792 324 0.429 0.09 

Discussion 
RQ1 results showed that syllabi scores are positively associated with instructors’ use of 

student-centered teaching practices and are consistent with the TPB and prior research. These 
findings indicate that instructors’ teaching is aligned with their teaching intentions as 
communicated in their syllabi and is consistent with prior TPB research, which has found 
behavioral intent to be a strong predictor of behavior (Armitage & Connor, 2001). Also 
consistent with prior research, we observed that behavioral intent and behavior were moderately 
influenced by perceived behavioral control. We found that the greater the effort of instructors to 
use active learning teaching practices, the more likely their syllabus and teaching were student-
centered.  Attitudes about students also showed a positive relationship with syllabus scores, 
indicating that an instructor's attitude influenced their intentions for the course and, 
subsequently, their teaching practices. Lastly, we found no significant association between 
subjective norm and behavioral intention, indicating that perceived departmental expectations for 
using a variety of teaching practices did not relate to instructors’ syllabus scores.  While this 
finding is unexpected and inconsistent with some prior research (McConnell et al., 2020, 



Bathgate et al., 2019), it is consistent with prior applications of the TPB that have also found no 
meaningful association between subjective norms and behavioral intent (Armitage & Conner, 
2001; Archie et al, 2022).   

For RQ2, the results showed statistically significant positive change in overall syllabi scores 
and in two of the five syllabus categories: learning goals and assessments. All other categories 
showed positive but minimal effects that were not statistically significant. These results suggest 
that the overall shift in the syllabi scores was driven primarily by these two categories.  It is 
plausible that some PD content was directly or indirectly related to articulating their learning 
goals in their course materials. The lack of meaningful change from pre to post average use of 
student-centered teaching practices was unexpected. However, because much of the data used in 
this study was collected during the pandemic, these findings are not likely to be fully reflective 
of their teaching constrained by the challenge of adapting student-centered teaching practices to 
remote teaching formats.  

The findings from this study are encouraging as it provides evidence that syllabi can be a 
useful measure of an instructor's teaching practice. While the syllabus may not reflect enacted 
teaching practices, our findings indicate that a syllabus scored with the MtP rubric can 
approximate the type of teaching practices used by a given instructor. A syllabus can be a more 
accessible and cost-effective means of characterizing teaching and measuring differences across 
time points in response to teaching-focused interventions such as professional development.  

While the findings from RQ1 indicate the intention that instructors infuse into their syllabi 
manifests in their teaching behaviors (and use of student-centered teaching practices), the 
findings from RQ2 showed a positive shift in intention, but no significant change in teaching 
practices. These findings suggest that while instructors intend to change their teaching practices, 
they may need more time to gain skills and knowledge to use the teaching practices they aspire 
to use. Thus, the syllabi and corresponding MtP score may be a more useful and realistic 
measure of short-term PD outcomes than more resource-intensive methods such as observations 
or surveys. 
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