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Abstract

Research design is a foundational competence in environmental science education, yet its implications
are rarely experienced firsthand before graduate research begins. This paper reports a three-part field
exercise conducted with Forestry postgraduate students at Manipur University, India, in which the
methodological lesson emerged from students’ own data rather than from the classroom'’s lecture-based
instruction. Students first collected beneath-canopy air-quality data under a Completely Randomized
Design (CRD) for five canopy categories, including a control (n = 25) and, independently, under a spatially
structured campus-quadrant design (n = 60). Because tree-species composition differed across
quadrants, the second design did not meet the completeness condition of a true Randomized Block
Design (RBD); we treat this shortfall as the central teaching artifact rather than a defect to be hidden.
Under the CRD, five of eight air-quality parameters showed large canopy-related effects (partial n2 =
0.48-0.75); once spatial block was accounted for, most of these effects weakened substantially, with
block itself becoming the significant source of variance for particulate matter. A second exercise asked
25 students from 25 departments to complete a short perception survey; 88% reported that campus
greenery positively influenced their academic life, a dimension that the biophysical measurements could
not capture. A third exercise required students to compare all findings and to judge, rather than assume,
what each design could and could not support. We describe the exercises, the assessment rubric used,
and the broader case for teaching design suitability as an explicit, examinable skill in biology and
environmental-science curricula.

Introduction

Environmental science education is expected to produce graduates who can generate credible evidence,
not merely recite the vocabulary of experimental design. Among the competencies, such training must
build the ability to judge whether a given design can actually support the conclusion being drawn from it.
This judgment precedes data collection and shapes what can legitimately be reported afterward. In
practice, research design is often taught as a set of labels to be memorized: students can define a
Completely Randomized Design (CRD) and a Randomized Block Design (RBD) and recite their
assumptions, yet rarely meet a situation in their own coursework where a design’s structural limits, rather
than its textbook description, determine what can be concluded through the observations beyond the
classrooms.

This paper describes a compact intervention beyond the classroom, centered on three linked practical
exercises conducted by Forestry postgraduate students during a research methodology module at
Manipur University, Imphal. The setting is urban forestry, a topic of obvious relevance in rapidly
urbanizing towns and cities, where claims about which tree species best mitigate air pollution are only
as trustworthy as the design used to isolate species identity from the site conditions in which species
happen to be planted (Kaur & Nagpal, 2017; Prajapati & Tripathi, 2008). Rather than engineering a
textbook-clean comparison, we let students discover, through their own data, that a design nominally
described as “blocked” does not automatically deliver the inferential protection of a true block design,
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and that recognizing this gap is itself the more advanced skill. The exercise sits within a wider
conversation about how practical, technology- and data-rich activities beyond the classroom can be used
to build methodological competence rather than deliver content. This work extends to the logically prior
question of experimental design: before students can trust what a tool or dataset tells them about the
natural world, they need practice recognizing when the structure of their own study can and cannot
support that inference.

The intervention had three learning objectives. First, students would learn to evaluate whether a design
structure suits the question being asked of it, rather than treating a design label as a guarantee of
validity. Second, students would recognize that quantitative environmental monitoring and qualitative
social appraisal answer different, complementary questions. Third, students would build practical
competence across the full research cycle: collection, analysis, critical evaluation of design validity, and
integration across methods. The broader aim is a transferable teaching model, grounded in experiential
learning theory and place-based science education, in which the most consequential lesson that a
design must be judged fit for purpose before its results are trusted comes from the students’ own data.

Theoretical Framework

Experiential learning and the teaching of research methods

The design draws on experiential learning theory, in which learning proceeds through a cycle of concrete
experience, reflective observation, abstract conceptualization, and active experimentation (Kolb & Kolb,
2005). Applied to research-methods teaching, this implies that students should not simply be told about
the limitations of a design; they should meet those limitations in data they collected themselves and be
asked to judge, rather than assume, whether the design supports the claim being made from it. Reviews
of statistical practice in educational research document widespread shortfalls, infrequent checking of
design assumptions, sparse reporting of effect sizes, and limited attention to power (Keselman et al.,
1998), which we read as symptomatic of design being taught as a procedure to execute rather than an
assumption to interrogate. Guidance on planning comparative experiments in educational settings
likewise stresses that identifying a design’s salient pitfalls, not just following its steps, is the analytical
skill worth teaching (McGowan, 2011). Place-based science education (Semken & Freeman, 2008) and
the wider inquiry-learning literature (Pedaste et al., 2015) support locating this lesson on the students’
own campus, where its consequences are immediately visible.

Design suitability and incomplete blocking

A canonical RBD requires every treatment level to appear, ideally with equal replication, within every
block. When this condition fails, for instance, when a putative treatment (here, tree species) is distributed
unevenly across blocks, treatment and block effects become partially confounded, and the resulting F-
tests no longer isolate a “pure” treatment effect in the way a textbook RBD would isolate (Hurlbert,
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1984). Hurlbert's classic analysis of pseudoreplication in ecological field experiments is instructive
precisely because it documents how often field researchers apply inferential statistics to designs whose
replication structure does not, in fact, support the error term used and argues that recognizing this
mismatch is a core design-literacy skill, not a technical footnote. Where species and location are
confounded, as in our campus dataset, neither a naive CRD nor a naive “blocked” analysis that treats
species as a clean, replicated factor can support a species-specific claim. Our pedagogical response is
not to force the data into a corrected RBD, but to have students recognize the confound, de-identify
species as the object of inference, and instead judge what the realized design can and cannot support: a
comparison between canopied and open conditions across blocks, and a judgment about whether
location or an unreplicated species factor better explains the variance. This reframing does not dismiss
the substantive literature on species-specific air-pollution tolerance (Kaur & Nagpal, 2017; Prajapati &
Tripathi, 2008); it simply insists that such claims are only as credible as the design that isolates species
from confounding site variables.

Complementary quantitative and qualitative inquiry

The third exercise, a short participatory questionnaire, introduced students to the complementarity of
quantitative and qualitative modes of inquiry. Environmental problems are socio-ecological, and
integrating biophysical and perception-based evidence is increasingly regarded as necessary for validity
in environmental research (Fetters et al., 2013; Clark, 2019). Having students design, administer, and
interpret their own questionnaire rather than analyze a pre-collected dataset, extended to the qualitative
component, provides the same first-hand ownership. Exercise 1 gave the quantitative component,
consistent with evaluation frameworks for citizen-science learning that stress depth and structure of
participation over data collection alone (Jordan et al., 2012; Phillips et al., 2018), and with classroom
studies reporting gains in interest and self-efficacy from structured participatory assignments (Cotey et
al., 2025; Peter et al., 2019; Pizzolato & Tsuiji, 2022).

From method anxiety to method competence

A further strand of literature concerns the well-documented anxiety many students feel when first
encountering research design and statistics, associated with self-perception as much as ability, with
case-based, real-data instruction repeatedly identified as a mitigating strategy (Alladin et al., 2026;
Papanastasiou & Zembylas, 2008; Chew & Dillon, 2014). Course-based undergraduate research
experiences (CURESs), in which whole classes work on a genuine, unresolved research question using
their own data, have been shown to improve research self-efficacy and retention outcomes at scale
(Rodenbusch, et al., 2016), including in field-based ecological settings closely analogous to the present
study (Stanfield et al., 2022). The intervention reported here can be read as a compact, single-module
CURE: it substitutes a genuine, unresolved design problem, whether canopy category or spatial block
better explains the observed variance, for a pre-scripted laboratory exercise with a known answer.
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Context and Setting

The exercise was conducted on the campus of Manipur University (24.7509° N, 93.9302° E), Imphal,
Northeast India (approximately 287 hectares), which supports a diverse assemblage of avenue and
roadside tree plantations under a subtropical climate with distinct wet and dry seasons. Avenue
plantings include native species such as Mangifera indica, Lagerstroemia speciosa, and Tectona grandis,
as well as introduced ornamentals such as Callistemon citrinus and Kigelia africana. The campus was
chosen for three reasons: sufficient size and tree diversity for a comparative study; a natural division into
four quadrants (northwest, northeast, southeast, southwest) that captured real spatial variation in tree
distribution and proximity to roads, offering a candidate blocking factor whose realized species
distribution, as described below, did not in fact satisfy the completeness a formal RBD requires; and an
accessible, disciplinarily diverse student population for the qualitative component. Participating students
were enrolled in the Forestry postgraduate program. They had some prior exposure to basic statistics
but limited practical experience with how design choices shape what can be inferred, including the
structural limitations involved. Fieldwork ran for approximately four weeks as part of a four-credit
research methodology module.

The questionnaire component involved voluntary, self-reported data (including age and gender) from
fellow students, who were informed of the purpose of data collection, given consent, and assured that
responses would be reported only in an aggregate, anonymized form; no individually identifying
information appears in this paper. The exercise was conducted under departmental oversight as part of
the credit-bearing module.

The Three Exercises

Exercise 1: comparative design for air-quality assessment

Students were asked to compare an unblocked (CRD) and a spatially structured design for evaluating
tree-canopy categories, with the explicit hypothesis that the two designs would yield different
conclusions about canopy-related air-quality effects because of their different replication structures. For
the CRD, five canopy categories were sampled, including four tree species: Kigelia africana,
Lagerstroemia speciosa, Callistemon citrinus, Enterolobium cyclocarpum, and an open-space control, with
five replicate trees each (n = 25). For each tree, students recorded height, canopy diameters (two
perpendicular directions), and beneath-canopy air quality: formaldehyde (HCHO), total volatile organic
compounds (TVOC), particulate matter in three size fractions (PM2.5, PM1.0, PM10.0), temperature,
relative humidity, and a computed Air Pollution Index (API), using a Portable Air Quality Pollution Monitor
Meter.

For the spatially structured component, the campus was divided into four quadrants; within each, three
replicate trees per locally available species were sampled, with species composition varying naturally
across quadrants (60 observations across nine species and a control). Because most species occurred
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in only one or two of the four quadrants, this component does not meet the completeness condition of a
true RBD with respect to species identity. We therefore analyze canopy category as a de-identified
categorical variable (spatial canopy position rather than species label) and treat the mismatch between
the intended blocking structure and the realized species distribution as an explicit limitation and
teaching point, not as a validated species-blocked comparison.

Exercise 2: participatory appraisal of campus-greenery perceptions

A structured questionnaire was administered to 25 students from 25 academic departments, eliciting
perceptions of campus biodiversity, the influence of greenery on academic life, the most valued
environmental features, comparative assessments with other universities, ranked environmental
priorities, and willingness to join student-led environmental initiatives.

Exercise 3: analysis, design evaluation, and integration

Students performed descriptive and inferential statistics on the Exercise 1 and 2 data. They were
explicitly asked to evaluate, rather than assume, the suitability of each design for the claim it supports.
For the CRD data, they ran a one-way ANOVA with canopy category as the factor; for the spatially
structured data, they ran a two-way ANOVA with canopy category and block, computing effect sizes
throughout and identifying where incomplete blocking limited what could be inferred about species
identity specifically, as distinct from canopy presence or spatial location generally. For the qualitative
data, they computed frequency distributions and cross-tabulations. The central task was not simply to
compare CRD and spatially structured results, but to judge which, if either, design actually supported the
causal claim in question.

Methods of the Pedagogical Study
Data collection

Air-quality data were collected with a portable multi-parameter monitor (PM2.5, PM1.0, PM10.0, HCHO,
TVOC) at a standardized height of 1.5 m, midway between the trunk and the canopy edge, after a two-
minute stabilization period, with temperature and humidity recorded simultaneously. Because
measurements were not stratified by time of day or replicated across seasons, diurnal and seasonal
variability could not be disentangled from canopy-category or block effects — a constraint revisited in the
Limitations. Control measurements were taken at open sites within each block. Questionnaire data were
collected from 25 students spanning natural sciences, social sciences, humanities, and professional
fields.

Statistical analysis

One-way ANOVA was used for the CRD data (canopy category, five levels); two-way ANOVA (Type Il sums
of squares) for the spatially structured data (canopy category and block, four levels), on the assumption
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that the category-by-block interaction was not the primary object of inference, given limited replication
per cell. Analyses were performed using Python (SciPy, Statsmodels). Significance was assessed at a =
0.05, with a Bonferroni-adjusted threshold of a =0.00625 (0.05/8) reported alongside it because eight
parameters were tested, and partial eta-squared (n2p ) was reported for every F-test following standard
effect-size practice for ANOVA designs (Lakens, 2013). Reporting effect sizes lets a non-significant
result, expected given the modest sample size of a teaching exercise, still be recognized as practically
large, a distinction we wanted students to encounter directly (Keselman et al., 1998; Lakens, 2013).

Assessing student learning

Learning was assessed from students’ submitted deliverables, descriptive tables, ANOVA summaries
with effect sizes, graphics, and written discussion, against the four-criterion rubric in Table 1, which
treats design-suitability judgment as a distinct, separately graded criterion so that a student who
executed the analysis correctly but missed the incomplete blocking would not be scored as
demonstrating full design literacy. This qualitative assessment of student work, while not a formal pre-
post design with a comparison group, gives evidence of the depth of understanding reached; we note the
absence of a controlled evaluation as a limitation and recommend it for future iterations.

Table 1
Assessment rubric used to evaluate student deliverables from Exercises 1-3
Criterion What deliverables were evaluated against
Statistical Correct computation and reporting of descriptive statistics and ANOVA results,
execution including degrees of freedom and, where applicable, effect sizes.
Mechanism Ability to articulate, in writing, why the CRD and spatially structured analyses
identification produced different conclusions (i.e., recognition of confounding between

species and location).

Design-suitability Ability to assess whether a given design (CRD, RBD, or the incomplete block
judgment structure actually realized) was suitable for the question asked, rather than
treating any design as automatically valid.

Cross-paradigm Ability to compare and integrate quantitative and qualitative findings in a three-
integration way comparison.
Findings

CRD results: apparent canopy-category effects

Under the CRD, one-way ANOVA showed statistically significant differences among canopy categories
for several parameters, the largest for PM2.5 (F(4, 20) = 10.58, p < .001, n2p = 0.68), relative humidity (F(4,
20) =15.01, p<.001, n?p = 0.75), and the Air Pollution Index (F(4, 20) = 13.09, p <.001, n?p = 0.72).
Significant effects were also found for PM1.0, PM10.0, and temperature; only HCHO and TVOC were non-
significant. Descriptive statistics are in Table 2, and the full comparison, including effect sizes, is in

Table 3.
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Table 2
Descriptive statistics (mean + SD) for air-quality parameters under the CRD

Category PM2.5 PM10.0 TVOC Temp Humidity API
(°C) (%)
Control (open) 4.80 5.00% 0.053 316t 54.0x570 5.0t%
1.79 2.24 0.031 1.34 1.58
Kigelia africana 3.80 3.80 0.081 + 28.2+ 66.6 +7.09 1.2+
1.10 1.10 0.029 1.30 0.84
Lagerstroemia 3.40 3.80% 0.074 28.6 = 63.6+2.19 1.6+
speciosa 0.55 0.84 0.010 1.52 0.55
Callistemon citrinus 8.40 £ 10.60 = 0.086 + 27.6 722+217 26+%
2.07 5.03 0.032 0.89 0.89
Enterolobium 520% 520+ 0.096 + 2741+ 726207 20z
cyclocarpum 0.45 0.45 0.006 1.14 0.00
Note: PM values in pg/ms3; TVOC in mg/m3; Temp in °C; Humidity in %; API = Air Pollution Index. n=5
per canopy category.

What the spatially structured analysis can and cannot
support

With canopy category de-identified from species and treated as a categorical spatial position, the
canopy-category effect for particulate matter attenuated substantially relative to the CRD: PM2.5 (F(9,
41)=1.93,p=.071,n%p =0.30), PM1.0 (F=1.93,p =.071,n?p =0.30), PM10.0 (F=1.77,p =.099,n%p =
0.28). Block was statistically significant for all three particulate fractions: PM2.5 (F(3, 41) =3.45, p =
.024), PM1.0 (F =3.47,p =.023), PM10.0 (F=3.13, p = .035).

It is worth stating plainly what this does and does not license. It does not show that species identity
does not affect particulate matter; that would require species to be replicated across all blocks, a
condition this configuration does not provide. What it does show is a design-level observation: when
canopy category and spatial block are confounded, a substantial share of the variance that a naive CRD
analysis attributes to canopy category is at least as plausibly attributable to location. The lesson for
students is about the design, not the trees: an incomplete block structure of this kind cannot adjudicate
between a species explanation and a location explanation, and any published species-specific
recommendation drawn from a similarly confounded design should be treated with caution.

Relative humidity was the one parameter whose canopy-category effect remained significant under both
structures (CRD: F =15.01, p <.001, n?p = 0.75; spatially structured: F=7.01, p <.001,n?p =0.61), with a
non-significant block effect (F = 1.56, p =.212, n?p = 0.10), the one parameter for which a canopy-related
explanation remains plausible without being ruled out by the location confound. However, attributing it
specifically to species rather than canopy presence in general would still require a properly replicated
design. Temperature, by contrast, was significant under the CRD (F =9.15, p <.001, n?p = 0.65) but non-
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significant for both canopy category (F = 1.22, p =0.306, n?p = 0.21) and block (F =0.42, p=0.743,n?%p =
0.03) under the spatially structured analysis, a useful demonstration that a significant CRD result is not
self-validating (Table 3).

Effect sizes and the limits of significance testing

Several parameters with non-significant canopy-category effects under the spatially structured analysis
nonetheless carried large partial eta-squared values, PM2.5 and API each retained n?p = 0.30 despite p >
0.05. This is consistent with the small cell sizes inherent to a teaching-scale exercise and gives students
a concrete encounter with the distinction between statistical non-significance and the absence of a
practically meaningful effect (Keselman et al., 1998; Lakens, 2013). Students were asked to reconcile
each such non-significant p-value with its moderate-to-large effect size and to argue, in writing, why low
statistical power is the more defensible interpretation rather than the absence of an underlying effect.

Table 3
Comparison of ANOVA results, with effect sizes, under the CRD and the spatially structured (incomplete
block) design
Parameter CRD F (p) CRD Canopy F (p) Canopy Block F (p) Block
n’p n’p n’p

PM2.5 10.58 (< 0.68 1.93 (0.071) 0.30 3.45 0.20
0.007)*** ns (0.024)*

PM1.0 4.68 0.48 1.93 (0.071) 0.30 3.47 0.20
(0.008)**t ns (0.023)*

PM10.0 6.17 (0.002)**  0.55 1.77 (0.099) 0.28 3.13 0.19

ns (0.035)*

HCHO 2.11(0.118) 0.30 1.36 (0.236) 0.23 2.72 0.17
ns ns (0.055) ns

TVOC 2.21(0.105) 0.31 2.31(0.030)* 0.34 3.03 0.18
ns (0.038)*

Temperature 9.15 (< 0.65 1.22 (0.306) 0.21 0.42 0.03
0.007)*** ns (0.743) ns

Humidity 15.01 (< 0.75 7.01 (< 0.61 1.56 0.10
0.007)*** 0.007)*** (0.212) ns

API 13.09 (< 0.72 1.97 (0.065) 0.30 3.16 0.19
0.007)*** ns (0.033)*

Note: CRD df = 4, 20; spatially structured canopy-category df =9, 41; block df = 3, 41. n?p computed
from reported F and df (Lakens, 2013). *p < 0.05; **p < 0.01; ***p < 0.001; ns = not significant. tPM1.0
(p =0.008) does not survive a Bonferroni-corrected threshold of a =0.00625; PM2.5, PM10.0,
temperature, humidity, and API remain significant under this stricter threshold. Canopy category is
de-identified from species.

Qualitative findings: student perceptions of campus
greenery
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The survey reached 25 students from 25 departments, aged 20-32 (mean = 23.4; 19 male, 4 female, 2
other genders; 23 of 25 were postgraduate). The disciplinary spread was deliberate; the gender
composition was not balanced by design, and the percentages below should be read as descriptive of
this convenience sample rather than as generalizable estimates. Fourteen respondents (56%) rated
campus biodiversity as moderate, 10 (40%) as high, and 1 (4%) as low. Twenty-two (88%) agreed or
strongly agreed that greenery positively influenced academic life; 3 (12%) were neutral; none disagreed.
Trees and plants were the most valued campus feature (52%), followed by clean air and shade (28%),
gardens and lawns (8%), and wildlife (8%). 12 (48%) rated the campus ecological condition as somewhat
better than at other universities, 8 (32%) much better, 4 (16%) about the same, and 1 (4%) did not know.
Shade trees were the top-ranked priority (36%), followed by water management and cleanliness (32%),
noise and pollution control (20%), and flower gardens (8%). 18 (72%) were willing to join student-led
environmental initiatives, 6 (24%) said maybe, and 1 (4%) said no.

Beyond its substantive content, tabulating these perceptions confronted student researchers with the
range of values different members of the campus community attach to urban greenery, complicating any
assumption of uniform appreciation. The pattern is broadly consistent with the wider literature linking
student use of green space to perceived quality of life (McFarland et al., 2008) and campus environment
to student wellbeing more generally (Ding et al., 2023), with survey evidence elsewhere finding students
perceive urban green space as beneficial across physical, mental, and social dimensions (Saha & Haq,
2024), and with links between green infrastructure, community cohesion (Weinstein et al., 2015), social
interaction (Peters, Elands, & Buijs, 2010), and restorative wellbeing (Akpinar, 2021; Fisher et al., 2021).
This supports treating the qualitative survey not as an add-on but as tapping a dimension of urban-
forestry value that biophysical measurement alone cannot reach.

The pivotal comparison: design, not species, as the object
of learning

The central pedagogical moment came when students compared the CRD and spatially structured
analyses side by side and wrote a rationale for every parameter. Five of the eight air-quality parameters
significant under the CRD became non-significant for the canopy category under the spatially structured
analysis. In contrast, block became significant for the particulate matter parameters. Students were
asked to articulate, in design terms, the mechanism that confounded the canopy category. Spatial block
meant the CRD’s apparent effect could not be cleanly separated from a location effect. It was explicitly
guided away from concluding that the spatially structured analysis had “proven” species did not matter,
towards the more defensible conclusion that the available data could not adjudicate between a species
explanation and a location explanation. Recognizing that limit, rather than reporting either design’s result
at face value, was itself the competence being assessed.

The three-way comparison

Students compared findings across all three exercises and summarized what each contributed (Table 4).
The CRD suggested canopy category mattered for beneath-canopy air quality; the spatially structured
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analysis showed this could not be cleanly attributed to species once an unreplicated location confound
was acknowledged; and the survey showed that 88% of students perceived campus greenery as
beneficial to academic life, with shade trees the most valued priority, a dimension neither quantitative
design could reach. Only by comparing all three could students arrive at a picture of what the campus
urban forest means, what its air-quality effects plausibly are given the design'’s limits, and what it could

become.
Table 4
Three-way comparison of exercises, with the spatially structured design reframed around design
suitability
Dimension Exercise 1: CRD Exercise 1: Spatially Exercise 2: Qualitative
structured RBD survey
Research Do tree canopies differin ~ Does a spatial block better How do people
question beneath-canopy air explain the apparent canopy perceive and value
quality? effect than an unreplicated campus greenery?
species factor?
Paradigm Quantitative, Quantitative, spatially Qualitative,
experimental, unblocked structured, but incompletely participatory,
blocked for species interpretive
Key finding Apparent canopy- Canopy-category effect 88% perceive greenery
category effects (e.g., weakens (p =.071); block as beneficial; shade
PM2.5: p <.001) emerges as significant trees are most valued
Implication Risk of recommending Prioritize rigorous site-level Engage community;
species without ruling design before attributing trees valued for shade,
out site confounding outcomes to species air quality, and well-
being
What it Whether people value the  Reliable species-specific Whether trees actually
cannot tell trees, whether spatial effects, because species alter measured air
confounding is present were not replicated across quality
blocks
Note: No single approach provides a complete or unconfounded account of the campus urban forest.

Discussion

Design suitability as an epistemic choice

The findings underscore a point well established in the statistical literature but insufficiently internalized
in biology and environmental-science teaching (Reiss, 2016): the structure of a research design is not a
procedural detail but an epistemic choice that determines what can be known, and its suitability for a
given claim must be actively assessed rather than assumed from its textbook label (Hurlbert, 1984). The
CRD, by treating all experimental units as exchangeable, assumes no systematic source of variability
other than the treatment exists; when this is violated, as it almost always is in field-based environmental
research, the design can produce substantively misleading and statistically significant results. A spatially
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structured design only delivers on its promise of separating treatment from location when the treatment
is in fact replicated across blocks, a condition our dataset did not meet for species identity. Recognizing
that shortfall, rather than reporting the analysis as if the condition had been met, is the more advanced
competence. For students preparing their own thesis research, the practical warning is that the
significance of a result may depend less on the strength of an underlying phenomenon than on whether
their design’s replication structure actually supports the comparison being drawn. That part of
competent practice is being able to say, in writing, when it does not.

Implications for urban-forestry research and teaching

A large literature quantifies species-specific differences in air-pollution tolerance, typically derived from
leaf-level biochemical traits (Keller & Schwager, 1977; Nadgdrska-Socha, et al., 2017; Ogunkunle, et al.,
2015; Prajapati & Tripathi, 2008), and field applications consistently report meaningful interspecific
variation in tolerance and green-belt suitability (Kaur & Nagpal, 2017; Nkansah, et al., 2025; Pandey, et al.,
2015; Pathak, et al., 2011), while city-scale assessments confirm real aggregate air-quality benefits from
urban tree cover (Nowak, et al., 2014). Many such studies sample species across sites that differ in
traffic exposure or building density without a design that isolates species from location, precisely the
confound this exercise reproduces. This is not to say species do not matter: the humidity result, robust
under both structures, is consistent with process-level evidence that transpiring canopies reliably raise
near-surface humidity and moderate temperature largely independent of species identity (Feng, et al.,
2023; Ibsen et al., 2024; Meili et al., 2021). The broader point for teaching is that the reliability of species-
specific claims depends on whether a design achieves complete, balanced replication of species across
spatial strata, and students who go on to conduct such research need practice recognizing this
dependency in their own and others’ work.

Complementarity of quantitative and qualitative evidence

Comparing all three exercises reinforced a further principle: different research approaches answer
different questions about the same phenomenon, and integrating them meaningfully is itself a skill
requiring deliberate design (Clark, 2019). A campus management plan informed only by the CRD would
risk selecting species on a possibly confounded ranking; one informed only by the spatially structured
analysis, taken at face value, would risk concluding wrongly that species do not matter at all; one
informed only by the survey would respond to perceived value without checking whether measurable
biophysical benefits are present. Only by integrating all three can urban-forestry decisions be both
ecologically sound and socially legitimate.

Transferability

The exercise transfers to other classroom contexts with minimal adaptation. The transferable element is
not the content but the structure: students collect real data under two contrasting quantitative structures
and one qualitative approach, analyze all three, and are required to assess whether each design’s
replication structure supports the inference being drawn, before integrating quantitative and qualitative
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evidence, rather than assuming. This structure applies equally to water-quality assessment, soil analysis,
biodiversity monitoring, or microclimate studies, and connects to the growing interest in the activities
beyond the classrooms, built around student-generated, tool-mediated data, for example, exercises that
ask students to work with digital identification technologies rather than pre-verified species lists.
Because incomplete blocking is common rather than exceptional in field-based student projects, we
suggest that deliberately retaining an imperfectly blocked design as a teaching artifact and requiring
students to diagnose, rather than paper over, its limitations, is a more realistic and more transferable
version of this exercise than one engineered to produce a textbook-clean design.

Learning Outcomes and Implications for Practice

Evidenced in students’ submitted work and evaluated against the rubric (Table 1), students
demonstrated (a) an understanding that a design’s structure, not merely its label, determines what
conclusions it can support, shown in written discussions correctly identifying the canopy-by-block
confound and its consequences; (b) recognition that quantitative monitoring and qualitative appraisal
are complementary modes of inquiry, shown in their three-way comparisons; and (c) practical
competence across the research cycle, including the previously under-emphasized skill of evaluating a
design’s suitability before trusting its output.

For instructors adapting a similar exercise: introduce blocking, confounding, and effect size before
fieldwork begins, but do not tell students in advance whether their realized design will achieve complete
blocking. Having students discover the incompleteness themselves and respond to it analytically
appears to be where the deepest learning occurs. Grade design-suitability judgment explicitly and
separately (as in Table 1) rather than treating a correctly executed ANOVA as sufficient evidence of
design literacy. Where feasible, add a brief pre- and post-exercise self-assessment of design-literacy
concepts to strengthen the evidence base for claimed learning gains, a step not implemented here and
flagged as a priority for future replications.

Limitations

Several limitations of this investigation should be acknowledged, foremost the incomplete blocking
structure discussed throughout. Because species composition varied across the four campus quadrants,
most species occurred in only one or two blocks, so species and block are partially confounded, and the
reduced residual degrees of freedom (df = 41, across nine canopy categories and four blocks with 60
observations) further limit the precision of any single comparison. We have addressed this by de-
identifying species from the canopy-category factor and restricting substantive claims to the design level
rather than the species level; we regard this as the single most important limitation of the underlying
dataset and present it as a limitation to be disclosed, not an error to be silently corrected.

Second, learning outcomes were assessed from student deliverables against a rubric rather than a
formalized pre—post design with a comparison group; a more rigorous evaluation, incorporating pre- and
post-exercise measures of design-literacy concepts, would strengthen future claims about effectiveness.
Third, sample sizes were modest by the standards of a substantive study (CRD n = 25; spatially
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structured n = 60, with category composition varying across blocks), adequate to demonstrate the
design comparison but limiting statistical power and generalizability, a limitation partially addressed by
reporting effect sizes alongside p-values. Fourth, the survey reached 25 respondents from 25
departments, with diverse disciplinary representation but not a representative or gender-balanced
sample; its percentages should be read descriptively. Fifth, the exercise was conducted at a single
institution with a specific set of species and conditions, and air-quality measurements were taken at a
single time point rather than being replicated seasonally or diurnally, limiting the ability to separate
temporal variability from canopy-category or block effects. Despite these limits, the exercise’s primary
purpose was pedagogical rather than substantive, and its central learning outcome, the capacity to
recognize and articulate a design’s limitations rather than accept its output uncritically, was achieved
regardless of the generalizability of the underlying environmental data.

Conclusion

This paper has described three linked exercises out of the classroom that use a Completely Randomized
Design and a spatially structured, incompletely blocked design, together with a participatory appraisal
survey, to teach postgraduate Forestry students that a research design’s suitability for a given question is
a matter of active judgment, not a property guaranteed by its textbook label. The same air-quality
dataset, analyzed under two structures, yielded different apparent conclusions about canopy-category
effects on particulate matter; a design-suitability-oriented reading showed that neither structure alone
could adjudicate between a species explanation and a spatial explanation, given the incomplete
replication of species across blocks; and the survey showed that the social value of campus greenery,
affirmed by 88% of respondents, was a dimension of urban forestry entirely invisible to the biophysical
measurements. By comparing all three results and by being explicit about what each design could and
could not support, students discovered that experimental design and qualitative appraisal answer
fundamentally different questions about the same urban forest, and that judging a design’s suitability,
including recognizing its incompleteness, is itself a core research competency worth teaching explicitly
in environmental science curricula.
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