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A major challenge for departmental change efforts is a lack of reliable tools to consistently and accurately
monitor progress. Without such tools, identifying challenges in the change process and adjusting strategies
accordingly is difficult. This paper presents results from a pilot administration of the Culture around Systemic
Change Survey (CSCS), a tool developed to help physics departments assess and improve their local culture. The
instrument captures faculty and staff perceptions of both their department’s “current” and “ideal” states across
five factors: open mindedness, student involvement, collective use of evidence, sustainability, and disrupting
systemic injustices. Data from N = 111 participants across 33 departments show significantly higher ratings
for current departmental open mindedness and collective use of evidence compared to other factors. Across
all factors, significant gaps exist between current and ideal states. These findings offer actionable insights for
change leaders seeking to build more inclusive and sustainable cultures in their departments.

2025 PERC Proceedings edited by Pawl, Zwolak, and Leak; Peer-reviewed, doi.org/10.1119/perc.2025.pr. Verostek
Published by the American Association of Physics Teachers under a Creative Commons Attribution 4.0 license.
Further distribution must maintain the cover page and attribution to the article's authors.

435



I. INTRODUCTION AND BACKGROUND

The shifting landscape of academia demands ongoing
adaptability to address society’s evolving needs [1, 2] . In
particular, Science, Technology, Engineering, and Mathemat-
ics (STEM) disciplinary organizations have articulated clear
goals aimed at improving diversity and modernizing peda-
gogical approaches to increase student engagement and foster
a deeper understanding of the subject matter [3—-5]. Within
physics specifically, many national change initiatives focus
on diversity, equity, and inclusion [6, 7], as well as the effec-
tive enactment of systemic change [8].

Two critical facets of department culture - advancing inclu-
sion and enacting effective change - are consequential for how
departments approach their transformation efforts. As re-
flected in the core principles of the APS-IDEA, “the advance-
ment of justice, equity, diversity, and inclusion of physics de-
partments is achieved through the collective work of teams of
physicists who build their capacity to transform the culture
of physics within their organizations and ultimately the entire
profession” [7]. Advancing inclusion and enacting effective
systemic change requires “second-order change,” described
as a dramatic departure from the typical operational frame-
work of an institution [9, 10]. Progress toward these goals
goes hand-in-hand with the capacity of departmental actors
to effectively take collective action.

Thus, it is essential to be able to assess and understand a
department’s capacity for engaging in collective change ef-
forts. As academic institutions engage in change processes,
reflecting on the local organizational context and its readi-
ness for change becomes critical to the effectiveness of the
intended outcomes. For example, recognizing how individ-
uals typically engage in the change process helps highlight
institutional factors that either support or hinder local change
efforts [11, 12]. However, a major challenge in this process is
the lack of reliable tools to consistently and accurately moni-
tor progress. Without such tools, it becomes difficult to iden-
tify obstacles in the change process, evaluate which outcomes
are successful, and adjust strategies accordingly.

To address this gap, we developed the Culture around Sys-
temic Change Survey (CSCS), a tool designed to support
change agents to assess their impacts leading and enacting
change effectively. This survey was designed to support lead-
ers of APS initiatives and local change efforts both to estab-
lish a baseline understanding of where a department is start-
ing from, and to monitor its progress toward cultural change
along these dimensions. In this paper, we present findings
from a pilot administration of the CSCS that took place dur-
ing summer 2024.

Research questions: We are guided by the following re-
search questions. (1) How are departments’ current cultural
practices around systemic change assessed by their faculty
and staff members, and in particular are there any areas that
are seen as strengths? and (2) Do faculty and staff report a gap
between their current department and their ideal department
with regard to its culture around systemic change?
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II. METHOD

Survey instrument: This quantitative study uses data col-
lected from a pilot administration of the Culture Around Sys-
temic Change Survey (CSCS). This survey was developed
through collaborative design sessions with leaders from sev-
eral national change initiatives in physics and was designed
to be used by change agents and administrators to assess and
improve targeted areas of local departmental cultures [6-8].
While this paper highlights the outcomes of the resulting sur-
vey data, a full description of the co-design process is pre-
sented in a related paper [14].

The initial version of the CSCS consisted of 50 items mea-
sured on a 7-point response scale of ‘Strongly disagree to
‘Strongly agree.” Each item asks respondents to consider the
item statement in relation to how well it characterizes the
“current state of your department” and how well it character-
izes the “ideal department (i.e. the one that you think would
be the most effective for undergraduate and/or graduate edu-
cation).” Thus, each item includes a pair of responses that can
be compared to better understand respondents’ current per-
ceptions of their departmental culture, as well as what they
would consider to be ideal qualities of a program. This item
structure was inspired by the DELTA instrument [15] and has
been effectively utilized in other PER studies [16]. The CSCS
pilot survey was administered via Qualtrics to 33 physics de-
partments during summer 2024. N = 111 responses were
used for all analyses. Demographic data were collected using
fixed response questions at the conclusion of the survey with
room for write-in answers (see Table II). In a prior analysis
of this data, exploratory factor analysis was used to refine the
instrument by removing items that did not perform well [13],
resulting in 35 of the original 50 items being retained.

Statistical methods: The previously conducted factor
analysis also showed that a five factor solution (summarized
in Table I) was found to best fit the data, We leverage this
result in the present analysis by using this factor structure to
calculate composite factor scores for each respondent. We
generate these scores using simple averages of the items con-
tained within each factor, as recommended for exploratory
studies of the data [17, 18]. Separate averages are calculated
for responses on the current scale and the ideal scale. These
composite factor scores are treated as interval data, which al-
lows for the use of parametric methods [19, 20].

To address RQ1 regarding how physics faculty and staff
assess their current departmental practices, we first perform
a one-way repeated-measures ANOVA to test whether a sig-
nificant difference exists between mean current factor scores.
Then, to explore differences between specific pairs of factors,
we use paired ¢-tests to perform pairwise comparisons of av-
erage scores for each factor. Since this was an exploratory
analysis, we did not plan specific comparisons between fac-
tor scores a priori. We therefore perform 10 pairwise com-
parisons, which inflates the family-wise error rate. We take
into account using a Bonferroni corrected p-value (pqq;=10p)
to test for significance at the o = 0.05 level [21, 22]. We also



1 — Systematic approaches to planning and monitoring change [Sustainability (S), 5 items]

Definition: Departmental commitment to ensuring the longevity and effectiveness of change efforts through proactive planning, systematic
monitoring, assessment, and documentation (e.g., “On average, people in my department build assessments into change plans.”)

2 — Student involvement in change efforts [Student Involvement (SI), 7 items]

Definition: Extent to which students are actively engaged in departmental change efforts through collaboration with faculty and staff and
input in decision-making to ensure changes are informed by students’ values and goals (e.g., “On average, my department’s change efforts
involve students in decision making.”)

3 — Fostering inclusive change to disrupt systemic injustices [Disrupting Injustices (DI), 8 items]

Definition: The department’s commitment to centering the voices, needs, and participation of underrepresented groups in physics to address
power imbalances and create a more just system (e.g., “On average, people in my department take steps to ensure that marginalized people
have an active role in departmental decision making.”)

4 — Open to engaging with and learning from others [Open Minds (OM) 7 items]

Definition: Willingness of department members to consider new perspectives and revise their thinking in an effort to improve the overall
well-being of the community (e.g., “On average, people in my department take advantage of opportunities to learn, grow, or change.”)

5 — Change through collective interpretation of evidence [Collective Evidence (CE), 8 items]

Definition: Collaborative analysis of evidence about students’ experiences to reach shared understanding, guide decision-making, and
implement informed changes to improve programs (e.g., “Typically, systematic evidence about students’ experiences in our program guides
collective actions by faculty and/or staff.”)

Table I: Exploratory factor analysis previously conducted using data from a pilot administration of the Culture around
Systemic Change Survey revealed five factors [13]. They are defined here alongside example items from each.

Gender N % Wilcoxon Signed-Rank tests rather than paired ¢-tests to as-
Man 71 64% sess statistical significance of the difference between paired
Woman 24 22% ideal and current scores [26]. This is because both the
Genderqueer 1 1% Shapiro-Wilk tests and Q-Q plots indicated several severe
Did not answer 15 14% cases of non-normality in these values, meaning a paired ¢-
Race or ethnicity N %

test may not be appropriate. Rather than assuming normal-

White 2 65% ity, the Wilcoxon Signed-Rank test assumes that the differ-

Asian or Asian American 8 7% . . .
Hispanic or Latino ) 29 ences between cu.rrent.and 1degl scores are symmetflcally dis-
Black or African American 1 1% Fnbuted [27], which Figure 2 in Fhe Resplts sh(?ws is satlsﬁ§d
Middle Eastern or North African 1 1% in our data. The null hypothesis of this test is that the dif-
Irish 1 1% ference between the median (rather than the mean) values of
Multiple races 6 5% the paired current and ideal scores is zero. Analogous to the
Did not answer 20 18% measure of effect size measure given in the analysis of RQ1,
Position N %o we also report the correlation coefficient r for the Wilcoxon
Postdoc 9 8% Signed-Rank testsm where r = z/+/N [23]. All analyses are
Staff or Administration 18 16% carried out in R [28].

Non-tenured and non-TT faculty 13 12%

Tenured and TT faculty 66 59%

Other > 3% . RESULTS

Table II: Descriptive summary of the number of faculty and (RQ1) Current cultural practices around systemic
staff in the data, broken down by demographics. Data was change: We begin exploring how faculty and staff perceive
gathered using fixed-response items with a write-in option. their current department’s cultural practices around systemic

change with descriptive statistics and a visual comparison of
the data. Looking first at responses to the “current” subset of
report the point-biserial correlation r as a measure of effect  questions, we calculate respondent’s composite factor scores
size, calculated as /t2/(t? + df) where ¢ is the test statis-  based on the average of the items within each factor. We then
tic [23]. Lastly, paired ¢-tests assume normally distributed calculate the mean, standard deviation, and median values of
differences in scores. Shapiro-Wilk tests suggested that some  these factor scores across all respondents. These are shown

distributions of score differences may violate this assumption; in the “Current” column of Table III. Distributions of “cur-
however, examination of the Q-Q plots indicated that any de- rent” factor scores are shown in blue in Figure 1 and visually
parture from normality was minimal and that use of -tests suggest that the Open Minds factor and Collective Evidence
remained appropriate [24, 25]. factor may have higher scores on average than the other three

To address RQ2 regarding any gaps between respon- factors (Sustainability, Student Involvement, and Disrupting

dents’ current and ideal departments, we use non-parametric Injustices).
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Current Ideal Ideal—Current Wilcoxon Signed-Rank Test

M SD  Med M SD  Med AM AMed \% z P r
S 4.44 .32 4.60 6.16 075 6.20 1.71 1.60 31.5 —8.44 < 0.001 0.80
SI 4.45 1.35 4.57 5.84 1.16  6.00 1.39 1.43 168 —8.0 < 0.001 0.76
DI 4.54 1.30 4.62 584 098 6.00 1.30 1.38 204.5 —-8.09 < 0.001 0.77
oM 4.97 .22 529 642 049 657 1.45 1.28 135 —890 < 0.001 0.84
CE 4.85 1.26  5.00 6.14 089  6.00 1.29 1.00 1455 —8.23 < 0.001 0.78

Table III: Summary statistics for each of the five factors across the current and ideal scales, along with results of the Wilcoxon
Signed-Rank Test to assess statistical significance of the difference between current and ideal scores.

Mauchly’s test for sphericity indicated that the data was
suitable for one-way repeated-measures ANOVA, W = 0.93,
p = 0.54. Results of the ANOVA show a significant dif-
ference across mean factor scores, F'(4,440) = 13.90, p <
0.001. To determine whether there are significant differ-
ences between specific factors, we conduct pairwise depen-
dent t-tests. Those results reveal that on average, participants
rate their current department significantly higher on the Open
Minds factor (M = 4.97, SD = 1.22) than on Student In-
volvement (M = 4.45, SD = 1.35), £(110) = 5.44, paq; <
0.001, » = 0.46; Sustainability (M = 4.44, SD = 1.32),
t(110) = 5.36, peq; < 0.001, » = 0.45; and Disrupting
Injustices (M = 4.54, SD = 1.30), t(110) = 4.95, paqj <
0.001, » = 0.43. These represent medium effect sizes accord-
ing to guidelines set by Cohen (r = 0.10 represents a small
effect, r = 0.30 a medium effect, and » = 0.50 a large effect)
[29, 30]. Similar to the Open Minds factor, participants rate
their current department significantly higher on the Collective
Evidence factor (M = 4.85, SD = 1.26) than on Student
Involvement, t(110) = 4.20, Dadj < 0.001, 7 = 0.37; Sus-
tainability, ¢(110) = 4.64, peq; < 0.001, » = 0.40; and Dis-
rupting Injustices, £(110) = 3.58, paq; = 0.005, r = 0.32.
All of these represent medium effect sizes.

The average difference between scores on the Open Minds
factor and the Collective Evidence factor was not statistically
significant, nor were any of the pairwise comparisons be-
tween the Student Involvement, Sustainability, and Disrupt-
ing Injustices factors. In summary, these results indicate that
respondents score their departments significantly higher on
the Open Minds and Collective Evidence factors than on Stu-
dent Involvement, Sustainability, or Disrupting Inequities.

(RQ2) Gaps between current and ideal culture around
systemic change: Turning to the second research question re-
garding perceived gaps between how respondents view their
current department compared to their ideal department, we
again begin with a visual comparison of the data. Figure
1 plots the median values of respondents’ scores on all five
factors, sorted by the magnitude of the difference in me-
dian scores between the current and ideal scales. The shaded
bars represent the interquartile range, or the middle 50% of
the data. For each construct, we also list the difference in
median current score and median ideal score. For exam-
ple, the median Sustainability score for respondents’ cur-
rent departments is 4.60 on a 7-point Likert scale. Mean-
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Current Ideal
Sustainability (] L
A Med. =1.60
Student
Involvement ® m
A Med. =1.43
Disrupting |
Inequities ®
A Med. =1.38
Open Minds o o
A Med. =1.28
Collective
Evidence ® ®
A Med. =1.00

Figure 1: The median and interquartile ranges of composite
factor scores for respondents’ current (blue) and ideal (red)
departments. Among current department scores, Open
Minds and Collective Evidence were significantly higher on
average than the other factors. There was a statistically
significant difference between the median current and ideal
scores across all factors.

while, the median Sustainability score for respondents’ ideal
department is 6.20. Thus, the gap between these values is
AMed = 6.20 — 4.60 = 1.60, as listed at the top of the
figure.

To test the statistical significance of these differences, we
conduct Wilcoxon Signed-Rank tests for each construct. De-
scriptive statistics for each construct on the “ideal” scale, as
well as the results of the Wilcoxon Signed-Rank tests, are
given in Table III. We find that all differences in median score
between current and ideal departments are statistically signif-
icant for each construct at a 0.05 level (p < 0.001 for all).
Moreover, each difference constitutes a large effect size, with
r ranging from 0.76 to 0.84. Thus, participants score their
ideal department significantly higher on all five factors than
their current department.



Sustainability

Student
Involvement

Disrupting
Inequities

Open Minds

Collective
Evidence 8

0 = Ideal Score - Current Score

Figure 2: Distributions for the gap between respondents’
current and ideal departments within each factor. Each point
represents one respondent. For a given construct, over 25%
of respondents reported at least a 2 point gap.

To further investigate the nature of these differences, we
also calculate and plot individual values of § = Ideal Score —
Current Score for each respondent, shown in Figure 2. This
figure shows that nearly all respondents scored their ideal de-
partment higher than their current department, illustrated by
the scarcity of points to the left of the y = 0 line that indi-
cates no score difference. Furthermore, the median difference
is above 1 for each construct, indicating that over half of re-
spondents scored their ideal department higher than their cur-
rent department across all factors. The factor with the highest
percentage of respondents with at least a 1 point gap between
their current and ideal departments was Sustainability at 66%,
while Disrupting Injustices had the fewest respondents with a
gap of one point or more between their current and ideal de-
partments at 53%. Across all constructs, an average of 25%
of respondents had a gap of 2 points or more between their
current and ideal departments.

IV. DISCUSSION AND CONCLUSIONS

The results presented in Section III show that 1) on aver-
age, faculty and staff score their current departments higher
on the survey constructs related to open mindedness and col-
lective interpretation of evidence than those related to student
involvement in change, sustainability of change, and foster-
ing change to disrupt injustices; and 2) across all constructs,
faculty and staff report a gap between their current and ideal
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departments, with over 25% of respondents reporting a gap of
2 points or more on any given construct. Together, these re-
sults offer several important insights to change agents seeking
to lead and enact change effectively.

A primary interpretation is that these gaps reflect a readi-
ness for change in the sense that respondents perceive mis-
alignment between present condition and a desired future de-
partment state, which can motivate action when appropriate
structures and supports are provided [15]. For individuals
working to build momentum for change within their depart-
ments, presenting evidence of broad faculty consensus that
the department is not living up to their ideal standard may
be a valuable way to encourage action. Furthermore, a de-
partmental culture that is receptive to new ideas and willing
to engage in data-based decision-making could provide a fer-
tile environment for significant and sustained transformation,
particularly when there is data to support a shared view that
change is needed.

An equally plausible, and complementary, interpretation is
that the same gaps signal systemic, institutional barriers that
hinder change capacity despite positive attitudes (e.g., mis-
aligned incentive systems, workload and staffing constraints).
In this reading, high ideas co-exist with limited enactment;
thus closing the gap requires targeted structural change in ad-
dition to building will. Although this interpretation might not
signal a shared readiness for change, such information would
still be critical for change leaders seeking to better understand
the current state of a department and the extent to which sys-
temic barriers have hampered previous efforts. More work
therefore is required to better understand the meaning of the
gaps between current and ideal scores and how this informa-
tion should be best used to promote change.

Limitations and future work: There are several limita-
tions to this work. First, although we used EFA to validate
the factor structure of the current scale, responses on the ideal
scale were highly skewed toward the Agree/Strongly Agree
end of the scale and therefore did not contain enough variance
to be amenable to factor analysis. For the purposes of this
analysis, we assumed that the ideal items followed the same
factor structure as was found for the current scale. We believe
that the overall conceptual alignment of the ideal items with
the established factor structure of the current scale was suffi-
cient to make this a reasonable assumption, but future work
should verify this. Second, this paper did not disaggregate
response patterns across demographics due to limited sample
size. As more data is collected, understanding how readiness
for change varies across identity groups is a critical direction
for future analysis to support equitable and inclusive change
initiatives.
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