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This research represents an extension of our prior article, published in Teaching of
Psychology (Stevens & Witkow, 2014), which detailed the development and evaluation
of a single module for training scientific reasoning skills in introductory psychology.
Here we report on the development of a larger set of 8 modules, along with evaluation
data from a 4-year baccalaureate liberal arts college (N = 195 students) and a 2-year
community college (N = 94 students). Each module required 30—45 min of class time
and was keyed to a different major content topic covered in introductory psychology.
Participating instructors, who were uninvolved in the development of materials, chose
how many and which modules to implement during the term. Gains on a scientific
reasoning assessment were compared from the beginning to the end of the term in
students in treatment sections versus comparison sections taught as usual. In the liberal
arts and community college settings, students in treatment sections showed significantly
greater gains in scientific reasoning relative to students in comparison sections (Co-
hen’s d = +0.66 at the liberal arts college and d = +1.06 at the community college).
At the community college setting, an additional within-instructor comparison demon-
strated that students in the treatment section also made greater gains in scientific
reasoning than students taught by the same instructor, but in the term before receiving
the modules (Cohen’s d = +1.05). Taken together, these results provide evidence for
the use of modular activities embedded throughout the term to improve scientific

reasoning in introductory psychology courses.

Keywords: scientific reasoning, critical thinking, introductory psychology

The American Psychological Association
(APA) identifies “scientific inquiry and critical
thinking” as one of five key learning goals for
the undergraduate psychology major (APA,
2013, 2016). By the time a student is partway
through the major, it is expected that she or he
will be able to interpret simple graphs and sta-
tistical findings, describe fundamental princi-
ples of research design, and discuss the value of
controlled experiments in drawing causal con-
clusions (APA, 2013, 2016). The APA further
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advocates that beginning at the introductory
level, students should be introduced to psychol-
ogy as a scientific discipline (APA, 2011). In-
deed, in the report of an APA task force on the
introductory course, the first recommendation
for conceptual consistency calls for strong cov-
erage of the scientific method, stating “students
in Intro Psych should learn skills involving the
development of scientific reasoning and prob-
lem solving, including effective research meth-
ods” (APA, 2014, p. 16). Thus, it is not surpris-
ing that research methods are considered the
base of the ideal introductory psychology
course on which the study of different content
domains can be anchored (APA, 2014; Gurung
et al., 2016).

The Medical College Admission Test
(MCAT) offers additional, perhaps unexpected,
support for the focus on scientific reasoning in
introductory psychology. Introductory psychol-
ogy is now considered part of the premedical
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curriculum, with the latest revision of the
MCAT including a new section on psychologi-
cal, social, and biological foundations of behav-
ior (Association of American Medical Colleges,
2011, 2012; Mitchell, Lewis, Satterfield, &
Hong, 2016). More than half of the questions on
this new section are based on introductory psy-
chology and, along with testing psychology
content, several questions require students to
show they can “do” science—in other words, to
apply scientific reasoning principles (Associa-
tion of American Medical Colleges, 2011,
2012; Mitchell et al., 2016). This includes test-
ing of data-based and statistical reasoning
(MCAT Skill 4; e.g., using data to draw con-
clusions, interpreting data presented in figures,
graphs, or tables) as well as reasoning about the
design and execution of research (MCAT Skill
3; e.g., identifying dependent and independent
variables, critiquing conclusions that can be
drawn from particular types of studies). Ques-
tions tapping these scientific reasoning skills
generally take the form of passage sets, in
which students read a summary of a research
study, including graphs and/or tables of study
results, and then answer a series of multiple
choice questions based on that information. Be-
yond their relevance to future physicians, these
types of scientific reasoning questions represent
meaningful learning outcomes for all introduc-
tory psychology students (Frazer & Twohig,
2012; Mitchell et al., 2016). Therefore, it is
perhaps not surprising that some textbook pub-
lishers have begun including MCAT-style pas-
sage set questions in their test banks, sometimes
labeled as “MCAT scenarios,” which are iden-
tified as aligning with the APA learning out-
come of scientific inquiry and critical thinking
(e.g., see associated test bank for Schacter, Gil-
bert, Wegner, & Nock, 2014).

Although the new APA guidelines and
MCAT questions provide direction for the im-
portance and assessment of scientific reasoning
skills in introductory psychology, what is less
clear is how introductory psychology courses
could be structured to effectively train these
skills. The inclusion of research projects or ded-
icated laboratory sections is one natural peda-
gogical strategy, and there is evidence that stu-
dents who take introductory psychology with an
accompanying laboratory section (Thieman,
Clary, Olson, Dauner, & Ring, 2009) or a sup-
plementary course that focuses on scientific rea-

soning (Penningroth, Despain, & Gray, 2007)
show larger improvements in the ability to iden-
tify flaws in research studies relative to students
taking introductory psychology without these
supplements. However, a recent review of in-
troductory psychology courses nationwide indi-
cates that fewer than 10% of introductory
psychology courses include a laboratory com-
ponent (Norcross et al., 2016), making this
strategy difficult to implement without major
accompanying changes in course structure and
staffing resources. Accompanying laboratory
sections may be particularly unlikely to occur at
community colleges, where a significant
amount of introductory psychology instruction
occurs (Goldstein, 2010; Kena et al., 2016). As
such, there is strong motivation to identify
methods for training scientific reasoning that
can easily be incorporated into existing class-
room structures.

Although instructors searching for such sci-
entific reasoning activities will find no shortage
of possibilities described in the literature, the
majority of these activities have not been em-
pirically validated. For example, there are de-
scriptions of activities that address specific as-
pects of scientific reasoning, such as working
with graphs and tables (Holmes, 2008; Lutsky,
2006; Nolan & Heinzen, 2009), analyzing re-
search methodology (Gareis, 1995), or respond-
ing to specific written prompts that target as-
pects of critical thinking (Wade, 1995). In
addition, the APA has developed a useful On-
line Psychology Laboratory, which includes a
set of freely available laboratory activities
that students can complete even in the ab-
sence of a traditional accompanying labora-
tory section (http://opl.apa.org). However,
most of these activities have not been evalu-
ated, leaving it unclear whether implementing
them will lead to changes in key student
learning outcomes.

Empirically validated activities to train scien-
tific reasoning are less common, although there
are exceptions. For example, Adam and Man-
son (2014) developed an activity for use in a
75-min class session in which students watched
a short infomercial containing pseudoscientific
claims and then identified and evaluated the
evidence used to support the claims. Students in
classes that included this activity were able to
identify significantly more problems with hypo-
thetical research study descriptions than stu-
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dents in comparison sections of introductory
psychology who received only a traditional lec-
ture covering similar content. In another study,
Blessing and Blessing (2010) developed a term-
long research project, modeled after the TV
program MythBusters, in which students
found and evaluated research studies to deter-
mine whether psychological claims (e.g.,
“Blind people have unusually sensitive or-
gans of touch”) were confirmed, plausible, or
“busted.” In comparison to students enrolled
in a different section of introductory psychol-
ogy, students in the course including the re-
search project showed larger improvements
on a test of scientific reasoning that required
students to consider a psychological claim
(e.g., “Blondes have more fun”) before an-
swering a series of four scientific reasoning
questions. Sample questions included describ-
ing an experiment to examine the claim or
speculating on how possible results of the
experiment might support the claim.

In our own prior research (Stevens & Witkow,
2014), we have examined the effects of an in-class
activity on students’ scientific reasoning out-
comes. In this research, we developed a single,
45-min class activity in which students were
asked to read a short description of a pub-
lished research study comparing the effects of
Prozac to saffron for the treatment of depres-
sion. Similar to MCAT-style passage sets, the
summary included a data figure and table.
Students worked in small groups to answer a
series of scientific reasoning questions, in-
cluding interpreting patterns of data from the
graph and table, drawing appropriate conclu-
sions based on aspects of the study design
(e.g., lack of a no-treatment control group),
and proposing follow-up experiments to test
issues unresolved by the initial study. Rela-
tive to students in comparison sections of
introductory psychology not receiving the
modules, students receiving the modules
scored higher on scientific reasoning ques-
tions from an MCAT passage set whereas
there were no differences between groups on
content-oriented questions.

Although these examples of research-vali-
dated, modular scientific reasoning activities are
promising, a striking limitation remains—
namely that all prior work, including our own,
has been limited to testing by instructors who
developed the materials being implemented.

The potential risk of failing to test instructional
materials and activities outside of the original
creator is twofold. First, although the original
creator may have success with the teaching ma-
terials, it may not be practical or simple for
other instructors to interpret and use the mate-
rials. Second, improvements in scientific rea-
soning might be attributable to other aspects of
the instructor and not the activity per se. In
addition, a natural consequence of this evalua-
tion strategy is that materials are typically only
evaluated at a single institution, leaving it un-
known whether the materials can be effective in
different contexts with different student popu-
lations. There is a diverse range of course struc-
tures for the introductory course (e.g., large
lecture or online sections), but a first step to-
ward broader assessment could be to implement
instructional materials in courses with a similar
size and structure (e.g., smaller sized, face-to-
face classes) but at different types of institu-
tions.

The present study is designed to address these
limitations while also advancing the range of
research-validated materials available to in-
structors wishing to embed scientific reasoning
training into existing introductory psychology
courses. Here we report on the development of
a set of eight scientific reasoning modules for
introductory psychology and the evaluation of
these materials using instructors uninvolved
in their development. Building on our prior
research (Stevens & Witkow, 2014), we de-
veloped a larger set of eight scientific reason-
ing modules. Each module required 30-45
min of class time, and instructors could
choose how many and which modules to im-
plement. Evaluation took place at a 4-year
baccalaureate liberal arts college (Study 1)
and a community college (Study 2). Gains in
students’ scientific reasoning, assessed using
MCAT-style multiple-choice passage set
questions, were compared in classes in which
the instructors implemented at least one mod-
ule relative to comparison sections of intro-
ductory psychology taught as usual. It was
predicted that in the liberal arts and commu-
nity college settings, students in classes re-
ceiving the modular scientific reasoning ac-
tivities would show greater gains in scientific
reasoning relative to students in comparison
sections.
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General Method
Overview

Two studies were conducted to examine the
effect of incorporating scientific reasoning
modules into introductory psychology. Study 1
was conducted at a selective, 4-year baccalau-
reate liberal arts college (Willamette Univer-
sity) whereas Study 2 was conducted at a com-
munity college (Chemeketa Community
College). At each institution, a subset of instruc-
tors teaching introductory psychology received
a set of eight teaching modules from the study
authors. The instructors had no involvement in
creating the materials and could select how
many and which modules to implement during
the term. Using a pretest/posttest assessment
focusing on specific scientific reasoning skills,
growth in scientific reasoning was compared
between students in sections of introductory
psychology in which the instructor imple-
mented modules as compared with sections of-
fered at the same institutions but taught as usu-
al. All study procedures were approved by the
institutional review board at Willamette Univer-
sity.

Measures

Scientific reasoning modules. A set of
eight scientific reasoning modules was devel-
oped by the study authors. The modules aligned
with scientific reasoning outcomes as defined
by the APA’s undergraduate guidelines for
training in scientific inquiry and critical think-
ing (Learning Outcome 2; APA, 2013) as well
as the American Association of Medical Col-
lege’s MCAT skills of data-based and statistical
reasoning (Skill 4) and reasoning about the de-
sign and execution of research (Skill 3; Associ-
ation of American Medical Colleges, 2012).
These modules were developed following the
same standards as a single successful scientific
reasoning module, which focused on an empir-
ical study examining the benefits of saffron as a
treatment for depression (Stevens & Witkow,
2014).

Each module was designed to take 30-45
min of class time and addressed one of eight
general topics commonly covered in introduc-
tory psychology, allowing for integration of the
modules across many topics and in any order
throughout the term. The modules aligned with

the following eight topics: clinical/abnormal,
developmental, biological, sensation/percep-
tion, learning, memory, personality, and social
psychology. Each module centered on an em-
pirical seed article that met two conditions.
First, the article needed to contain data relevant
to a potential application of psychology to ev-
eryday life, such that materials would not be-
come quickly dated (e.g., how the presence of
peers affects teen driving behaviors). Second,
the article needed to include data that could be
presented as simple tables or graphs as well as
design features that would allow students to
engage in scientific reasoning (e.g., identifying
study limitations, designing possible follow-up
studies).

Each module included a lesson plan for the
instructor as well as a student handout, a Pow-
erPoint slideshow with pertinent visuals, or
both. The student handout and/or PowerPoint
slideshow provided a concise summary of the
empirical article, similar to what would be pro-
vided in a passage set question (note that neither
the instructor nor the students read the seed
article, and the original empirical article was not
included in the materials provided to instruc-
tors). The instructor lesson plan provided a sug-
gested structure for the class discussion, includ-
ing notes about possible student misconceptions
for different scientific reasoning questions.

The typical structure of a module began with
a general class discussion of the topic at hand
(e.g., teen driving) to establish interest and com-
mon ground. After this general discussion, stu-
dents received either the study handout or a
verbal description of the study accompanied by
PowerPoint slides. Students then answered a
series of scientific reasoning questions, typi-
cally in small groups. For example, students
might need to identify the dependent variable(s)
of a study, interpret study results from graphs or
tables, determine what conclusions might be
drawn from a particular study, or design fol-
low-up studies. During this time, the instructor
could circulate among groups, addressing com-
mon misconceptions in students’ scientific rea-
soning. All modules concluded with a full-class
discussion of the scientific reasoning questions,
including possible applications of the findings
to real-world issues. A complete description of
one of the eight modules is available in previ-
ously published work (Stevens & Witkow,
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2014), and copies of all modules are available
from the authors on request.

Scientific reasoning assessment. A 14-
question, multiple-choice scientific reasoning
assessment was developed to assess changes in
scientific reasoning. Each question presented
four alternatives. No questions required stu-
dents to draw from a base of content knowl-
edge, and all could be answered by applying
scientific reasoning skills to a passage-based
scenario or data tables and graphs.

The assessment included one passage set and
related scientific reasoning questions from the
first edition of the MCAT preview guide (As-
sociation of American Medical Colleges, 2011)
and one MCAT-style passage set and related
scientific reasoning questions from a textbook
test bank (Schacter et al., 2014; this textbook
was not used in any of the classes included in
the present study). A total of eight questions
were drawn from these resources (two ques-
tions, concerning identifying the dependent and
independent variable in the study, were derived
from a single original test bank question). The
questions drawn from the MCAT preview guide
were classified as tapping MCAT Skill 3 or 4
(reasoning about design and execution of re-
search; data-based and statistical reasoning) and
have been used in our previous research (Ste-
vens & Witkow, 2014). The questions drawn
from the textbook test bank were classified
within the test bank as assessing the APA
Guidelines Learning Outcome 2 (scientific in-
quiry and critical thinking) and were deter-
mined by the study authors to also address as-
pects of scientific reasoning. An additional six
questions were written by the authors. Two of
these questions required reference to the test
bank passage set and four required reference to
an isolated table and/or scatterplot created by
the authors that did not include accompanying
text. The distractors for all additional questions
were designed to capture possible student mis-
conceptions.

The 14 questions on the assessment were
grouped into four different subskills capturing
more specific aspects of scientific thinking ad-
dressed in one or more of the scientific reason-
ing modules: defining variables (2 questions;
e.g., What was the dependent variable in this
study?), interpreting data from graphs and ta-
bles (3 questions; e.g., Which of the following
conclusions is NOT supported by Figure 37),

reasoning about research design and appropriate
conclusions (6 questions; e.g., Based on the
study description, which of the following limits
the generalizability of findings?), and reasoning
specifically about correlational research design
and results (3 questions; e.g., In psychological
research, which of the following is most appro-
priate for identifying cause and effect?).

General Procedure

Before the start of the course, instructors of
the treatment sections were provided with a zip
file containing a table of contents listing the
available modules and eight separate folders
with the materials for each module. Instructors
were told that they could select which modules
to implement, and when, during the term, and
that they could feel free to modify the modules
in any way that would suit their classroom
needs (all lesson plans and student handouts
were provided as pdf and editable docx files,
and the PowerPoint slides were provided as
editable pptx files).

Students in all participating introductory psy-
chology sections (treatment and comparison)
completed the scientific reasoning preassess-
ment on the first day of class. Students did not
sign consent forms because the project was ap-
proved as exempt by the institutional review
board, falling under the exemption category of
normal educational practices. The assessment
was included as an in-class activity, but it did
not contribute points to students’ grades. In-
structors were asked not to provide feedback or
discuss the goals and purpose of the assessment
with students. Students were not aware of any
changes being implemented in different sec-
tions or to planned comparisons between course
sections, and they did not know that a posttest
would occur later in the semester. Instructors
were asked to pass the completed assessment on
to the study authors without reviewing student
answers. The exact same assessment was ad-
ministered a second time, at the end of the term,
together with the final exam (Study 1, although
not contributing to students’ exam scores) or on
the final day of class (Study 2, again without
contributing points to students’ final grades).
Students who did not complete the pre- and
postassessment were excluded from analysis.
Although no strict time limit was imposed, ap-
proximately 20 min were allocated to the as-
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sessment, and instructors reported that all stu-
dents completed the assessment comfortably
within the available time provided.

Data Analysis

Student scores on the scientific reasoning as-
sessment were converted to percentage correct
(number correct/14 possible questions). The
same transformation was applied to each sub-
skill (number correct/number of items indexing
that subskill). Note that this linear transforma-
tion of student scores into percentage correct
has no effect on statistical significance but ren-
ders the results more directly interpretable when
comparing across groups or subskills. Change
scores were also calculated for each student by
subtracting the percentage correct at pretest
from the percentage correct at posttest for the
main assessment and each individual subskill.
For example, a student who scored 6 of 14
correct at pretest (43%) and 8 of 14 correct at
posttest (57%) would show a change score
of +14 percentage points.

Study 1

Method

Participants. A total of 195 undergraduate
students from 10 different sections of introduc-
tory psychology at Willamette University par-
ticipated in Study 1. Willamette University is a
selective, 4-year, baccalaureate liberal arts col-
lege located in Salem, Oregon enrolling approx-
imately 1,900 undergraduate students each year.
Of these, 34% are from ethnic minority back-
grounds and 23% receive Pell Grants. At Wil-
lamette, introductory psychology is taught as a
single-semester course, with instructors given
discretion to create their own assignments, ac-
tivities, and exams. During course registration,
students select the section of their choice (each
semester 60% of seats are reserved for first-year
students, with first-semester freshmen enrolled
in sections that fit their course schedule through
the Dean’s Office). All sections were offered
during the 2015-2016 academic year, with half
of the sections in the fall semester and half in
the spring semester. Each section is capped at
25 students. Student demographic information
was not collected as part of the study assess-
ment.

Five sections were designated the treatment
sections because the instructors of these sec-
tions received and chose to use the scientific
reasoning modules (n = 97 students, three fall
semester sections and two spring semester sec-
tions). The remaining five sections were desig-
nated the comparison sections because the in-
structors of these sections taught their courses
as usual, without inclusion of the scientific rea-
soning modules (n = 98 students, two fall se-
mester sections and three spring semester sec-
tions). None of the instructors of either the
treatment or comparison sections were involved
in the development of the scientific reasoning
modules.

Procedure. As earlier described, at the
start of the semester, instructors of the treatment
sections were provided with a zip file containing
separate folders with the teaching materials for
each of the eight modules. One instructor, who
taught three treatment sections, implemented
three modules during the semester, including
the modules on depression (clinical unit), teen
driving (developmental unit), and memory in
the context of eyewitness testimony (memory
unit). A second instructor, who taught two treat-
ment sections, implemented five modules dur-
ing the semester, including the modules on de-
pression (clinical unit), the effect of school start
times on sleep (biological unit), memory in the
context of eyewitness testimony (memory unit),
the correlation between extraversion and social
interaction (personality unit), and the influence
of social networks on cold susceptibility (social
unit). Instructors for the comparison sections
taught their class as they normally would and
made no changes for the semester on the basis
of the modules.

Results

Table 1 separately presents the percentage
correct on the assessment at pre- and posttest for
the treatment and comparison groups. Means
are presented for the entire assessment (“all
skills””) as well as each of the four scientific
reasoning subskills. Gain scores indicate change
from pre- to posttest for each group, along with
results of the independent-sample ¢ test compar-
ing gain scores across groups.

As shown in Table 1, at pretest the treatment
and comparison groups scored relatively poorly
(<50% correct) on the overall assessment, with
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Table 1

Percentage Correct at Pre- and Posttest From Study 1 (Liberal Arts College Setting), Separately for the
Treatment and Comparison Groups for the Entire Assessment (“All Skills”) As Well As the Four Subskills

Outcome measure Treatment M (SD) Control M (SD) 1(193) P d
All skills

Pretest 42 (15) 44 (16)

Posttest 56 (17) 47 (18)

Gain 15 (16) 3(19) 4.61 .00 0.66"
Definitional

Pretest 70 (43) 58 (46)

Posttest 81 (38) 69 (43)

Gain 12 (49) 11 (49) 0.09 93 0.02
Correlational reasoning

Pretest 37 (26) 43 (26)

Posttest 56 (29) 45 (28)

Gain 18 (37) 2(29) 3.46 .00 0.50"
Research design

Pretest 38 (20) 45 (20)

Posttest 52 (20) 47 (22)

Gain 14 (23) 2(25) 343 .00 0.50"
Graph interpretation

Pretest 35 (30) 36 (29)

Posttest 48 (28) 36 (30)

Gain 13 (35) 0(35) 2.62 .01 0.38"

Note. Gain scores indicate change from pre- to posttest for each group, along with results of independent-sample ¢ tests
comparing gain scores across groups. Positive values of Cohen’s d indicate greater gains for the treatment group, with
asterisks indicating a significant difference between groups at the .05 significance level.

the pattern of means suggesting that students
scored best on the subskill of defining variables
(~64% correct) and worst on the subskill of
graph interpretation (~35% correct). The pat-
tern of means indicates that gain scores for
students in the comparison classes were rela-
tively flat across the overall assessment (3 per-
centage point increase), with the largest gain in
the definitional subskill, in which students in the
comparison class improved by 11 percentage
points. In contrast, students in the treatment
group showed an average gain of 15 percentage
points on the overall assessment and 12-18
percentage points on each of the four subskills.

Direct comparison of gain scores across the
treatment and comparison groups supported the
study predictions. As shown in Table 1 and
Figure 1, students in treatment sections made
significantly greater gains overall on the 14-
item scientific reasoning assessment than stu-
dents in the comparison sections (p < .01,
d = +0.66). To examine whether this pattern
was specific to particular subskills of scientific
reasoning, additional analyses separately com-
pared gain scores between the treatment and
comparison classes for each subskill. As shown

in Table 1 and Figure 1, students in the treat-
ment classes made significantly greater gains
than students in the comparison classes in three
of the four scientific reasoning subskills: rea-
soning about research design (p < .01,
d = +0.50), graph interpretation (p < .05,
d = +0.38), and correlational reasoning (p <
.01, d = +0.50). The groups did not differ
significantly in gains on the defining variables
subskill (p = .92, d = +0.02).

The analyses previously reported focused on
a comparison of gain scores, which has the
advantage of being easily interpretable and pro-
viding a direct test of the research question. One
disadvantage of this approach is that it does not
statistically control for possible group differ-
ences in performance at pretest. Furthermore,
this approach can have reduced statistical power
because variance in the outcome accounted for
by pretest score is considered unexplained in the
model. Thus, supplementary regression analy-
ses were conducted that controlled for pretest
score in addition to direct statistical compari-
sons of the groups at pretest. The direct statis-
tical comparison of pretest scores between
groups indicated one significant difference, with
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difference in gain scores between groups at the .05 significance level.

the control group starting the semester with
significantly higher scores than the treatment
group on the research design subskill, #(193), =
—1.93, p < .05. No other differences between
groups were significant at pretest (all p > .05).
However, for consistency, the supplementary
regressions were conducted for all outcomes.
Each supplementary regression predicted
gain score from treatment condition (0 = con-
trol, 1 = treatment) while including pretest
score on that outcome in the model. Not sur-
prisingly, in all of these analyses pretest scores
negatively and significantly predicted growth
(i.e., those scoring lowest at pretest, who had
the greatest room for improvement, also showed
the largest gains). However, critical to the hy-
pothesis of the study, this secondary set of anal-
yses also confirmed all of the main pattern of
results, with the effect of treatment remaining
significant when controlling for pretest score
on the overall assessment (f = 0.28, p < .001)
and the three subskills showing significant ef-
fects in the primary analysis: research design
subskill (B = 0.15, p < .01), graph interpreta-
tion subskill (3 = 0.18, p < .01), and correla-
tional reasoning subskill (B = 0.19, p < .01).

The effect of treatment remained nonsignificant
for the definitional subskill (f = 0.08, p = .12).

Discussion

The results of Study 1 indicate that modular
activities can be used to improve the scientific
reasoning skills of introductory psychology
students in a liberal arts college setting, even
when the instructors using the activities do
not create the curriculum. Instructors using
the modules implemented only three to five
lessons across the semester, replacing less
than 4 hours of traditional class content with
activities dedicated to scientific reasoning.
The effect size of this change was large
(d = +0.66), indicating that the modules im-
proved scientific reasoning by two thirds of a
standard deviation relative to courses taught
as usual. Moreover, the benefits were ob-
served across a range of scientific reasoning
subskills, including interpreting data from
graphs and tables, reasoning about research
design and appropriate conclusions, and rea-
soning specifically about correlational re-
search designs and results.
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The one subskill not showing significantly
larger gains in the liberal arts treatment group
was defining variables, which requires students
to identify the dependent and independent vari-
ables in a study. The reason for this is unclear,
although one possibility is that because students
began the semester with relatively high scores
on this subskill, there was less room for students
to show improvement. Because this subskill
is tightly connected to vocabulary relatively
specific to science courses, it is possible that
some students entered their college-level psy-
chology course already familiar with the terms
independent and dependent variable from prior
coursework in high school. It is also noteworthy
that within the comparison sections, defining
variables was the subskill showing the largest
change (increase in 11 percentage points). As
such, it is possible that this aspect of scientific
reasoning is more likely to be covered in intro-
ductory psychology courses in a liberal arts
setting, even without the inclusion of specific
scientific reasoning modules. Another possibil-
ity is that students may understand the concepts
of dependent and independent variables, and
even be able to reason scientifically about these
concepts, but still not show growth in the use of
specific terminology tied to these concepts.

Although Study 1 provided strong support for
the benefit of scientific reasoning modules, one
limitation was its focus on a single liberal arts
college. Study 2 was designed to address this
limitation by testing materials in a community
college setting.

Study 2

Method

Participants. A total of 94 undergraduate
students from three sections of introductory
psychology at Chemeketa Community College
participated in Study 2. Chemeketa is a 2-year
public community college with seven locations.
Chemeketa’s main campus, located in Salem,
Oregon, serves approximately 10,000 students
each year, with 45% from ethnic minority back-
grounds and 47% receiving Pell Grants. All
testing occurred at the Salem campus. At
Chemeketa Community College, introductory
psychology is offered as a two-quarter sequence
(PSY201/202), and all participating students
were currently enrolled in a section of PSY201.

PSY201 and PSY202 include methodology
training. However, PSY201 includes units on
biological foundations, development, sensation,
perception, consciousness, learning, and mem-
ory, whereas PSY202 includes units on lan-
guage, thinking, emotion, motivation, intelli-
gence, personality, health, abnormal behavior,
therapy, and social thinking. Students can take
PSY201 and PSY202 in any order. Instructors
have discretion to create their own assignments,
activities, and exams. During course registra-
tion, students select the section of their choice.
All sections were offered during the 2015-2016
academic year as face-to-face courses (Cheme-
keta also offers online and hybrid PSY201/202
sections). Each section was capped at 35 stu-
dents. Student demographic information was
not collected as part of the study assessment.

One section was designated the treatment
section; the instructor of this section received
the set of scientific reasoning modules and
chose to implement one of the modules during
the quarter (n = 31 students, offered spring
quarter). The remaining two sections were des-
ignated the comparison sections; the instructors
of these sections taught their courses as usual,
without inclusion of the scientific reasoning
modules (n = 63 students, offered winter or
spring quarter). This included one section that
was taught by a different instructor in the same
term as the treatment section (n = 28 students,
offered spring quarter) and serving as the pri-
mary comparison class in the analyses that fol-
low. The remaining comparison section was
taught by the same instructor who implemented
the modules, but in the term before receiving
the modules (n = 35 students, offered winter
quarter). This permitted a secondary within-
instructor comparison of student performance in
sections receiving versus not receiving the mod-
ules. Neither of the instructors in Study 2 were
involved in the development of the scientific
reasoning modules.

Procedure. As in Study 1, at the start of the
term, the instructor of the treatment section was
provided with a zip file containing separate
folders with the teaching materials for each of
the eight modules. Although all eight modules
were provided, the instructor could choose how
many and which modules to implement. The
instructor chose to implement a single module
on depression (clinical unit). Instructors for the
comparison sections taught their classes as they



f its allied publishers.

ghted by the American Psychological Association or one o

t=

This document is copyri

This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

254 STEVENS, WITKOW, AND SMELT

normally would and made no changes for the
quarter on the basis of the modules.

Results

Between-instructor comparison. In the
primary comparison, which paralleled the de-
sign of Study 1, we compared gains in scientific
reasoning for students in a treatment section
versus a comparison section that was taught by
a different instructor in the same term. Table 2
presents the percentage correct on the assess-
ment at pre- and posttest for the between-
instructor comparison in Study 2, for the entire
assessment (““all skills™) and for each of the four
scientific reasoning subskills. Gain scores indi-
cate change from pre- to posttest for each group
along with results of the independent-sample ¢
test comparing gain scores across groups.

Similar to the liberal arts college students in
Study 1, students in the community college
classes scored relatively poorly on the assess-
ment at pretest, with the treatment and compar-
ison groups well below 50% correct. Although
prescores appeared lower overall relative to stu-
dents in Study 1, students in the community

Table 2

college showed a similar relative pattern of per-
formance across subskills, scoring best on the
subskill of defining variables (~47% correct
across groups) and worst on the subskill of
graph interpretation (~28% correct across
groups). The pattern of means indicates that
gain scores for students in the comparison class
were relatively flat across the overall assess-
ment (2 percentage point decrease) and each
subskill. In contrast, students in the treatment
group showed an average gain of 14 percentage
points on the overall assessment. Gains across
subskills in the treatment group varied consid-
erably, with increases of 10-52 percentage
points on three of the four subskills but a rela-
tively flat 1 percentage point increase on the
correlational reasoning subskill.

Direct comparison of gain scores across the
community college treatment and comparison
groups supported the study predictions. As
shown in Table 2 and Figure 2, students in the
treatment section made significantly greater
gains overall on the 14-item scientific reasoning
assessment than those in the comparison section
(p < .01,d = +1.06). To examine whether this

Percentage Correct at Pre- and Posttest From Study 2 (Community College Setting), Separately for the
Treatment and Comparison Groups for the Entire Assessment (“All Skills”) As Well As the Four Subskills

Outcome measure Treatment M (SD) Control M (SD) 1(57) P d
All skills

Pretest 35 (09) 40 (14)

Posttest 49 (12) 39 (16)

Gain 14 (14) -217) 3.99 .00 1.06"
Definitional

Pretest 39 (44) 54 (45)

Posttest 90 (27) 46 (47)

Gain 52 (49) —7 (40) 4.99 .00 1.327
Correlational reasoning

Pretest 35(27) 44 (27)

Posttest 37 (20) 46 (28)

Gain 1 (30) 2 (41) —0.14 .89 —0.04
Research design

Pretest 35(15) 42 (17)

Posttest 46 (17) 39 (20)

Gain 11 (19) —2(22) 2.48 .02 0.66"
Graph interpretation

Pretest 30 (23) 26 (26)

Posttest 40 (23) 25 (25)

Gain 10 (34) —-1(32) 1.27 21 0.34
Note. Gain scores indicate change from pre- to posttest for each group, along with results of independent-sample # tests

comparing gain scores across groups. Positive values of Cohen’s d indicate greater gains for the treatment group, with
asterisks indicating a significant difference between groups at the .05 significance level.
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Figure 2. Gain score (posttest — pretest) from the between-instructor comparison in Study
2 (community college setting), separately for the treatment and comparison groups for the
entire assessment (“all skills”) as well as the four subskills. Error bars represent SEM, with
asterisks indicating a significant difference in gain scores between groups at the .05 signifi-
cance level and # indicating a trend toward differences in gain scores between groups at the

.10 trend level.

pattern was specific to particular subskills of
scientific reasoning, additional analyses sepa-
rately compared gain scores between the treat-
ment and comparison classes for each subskill.
As shown in Table 2 and Figure 2, students in
the treatment class made significantly greater
gains than students in the comparison class in
two of the four scientific reasoning subskills:
defining variables (p < .01, d = +1.32) and
reasoning about research design (p < .05,
d = +0.66). For the subskill of graph interpre-
tation, the pattern of means favored the treat-
ment group with a similar effect size to Study 1,
but with the smaller sample size this difference
was not statistically significant (p = .21,
d = +0.34). There were no significant differ-
ences between groups in the correlational rea-
soning subskill (p = .89, d = —0.04), with
neither the treatment nor comparison group
showing much movement from pre- to posttest
(mean change close to zero for both groups, as
shown in Table 2).

As in Study 1, supplementary regression
analyses were conducted that controlled for pre-
test score in addition to direct statistical com-
parisons of the groups at pretest. The direct

statistical comparison of pretest scores indi-
cated no significant differences between groups
on either the overall assessment or any of the
four subskills (all p > .05). The supplementary
regressions predicted gain score on each out-
come from treatment condition (0 = control,
1 = treatment) while including pretest score on
that outcome in the model. As in Study 1, in all
of these analyses pretest scores negatively and
significantly predicted growth in each outcome
(i.e., those scoring lowest at pretest, who had
the greatest room for improvement, also showed
the largest gains). With respect to the effect of
treatment condition on gain scores, the regres-
sion analyses largely paralleled those of the
main analysis, with students in treatment classes
making greater gains than students in the com-
parison classes on the overall assessment (3 =
0.36, p = .001) and definitional subskill (f =
0.46, p < .001) but no significant effect of
treatment condition on the correlational reason-
ing subskill (B = 0.08, p = .12). However,
when controlling for pretest scores, the effect of
treatment became statistically significant for the
graph interpretation subskill (B = 0.22, p <
.05) and went from significant to marginally
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significant for the research design subskill (f =
0.22, p = .056).

Within-instructor comparison. In addi-
tion to the between-instructor comparison, we
were able to compare performance of students
in the treatment section to students in a com-
parison section taught by the same instructor but
in the term before receiving the modules. This
additional, within-instructor comparison repli-
cated the pattern of results in the between-
instructor comparison. Relative to students
taught by the same instructor, but before the
instructor receiving the modules, students in
the treatment section made greater gains on the
overall scientific reasoning assessment, #(64) =
417, p < .001, d = +1.05. As in the main
between-instructor comparison, these gains
were significant for the definitional subskill,
#(64) = 4.88, p < .001, d = +1.24, and for the
research design subskill, #(64) = 2.73, p < .01,
d = +0.71. No significant differences were
observed between groups for either the graph
interpretation subskill, #(64) = 1.37, p = .18,
d = +0.35, or the correlational reasoning sub-
skill (#(64) < 1, p = .79, d = +0.07).

Supplementary regression analyses were con-
ducted that controlled for pretest score in addi-
tion to direct statistical comparisons of the
groups at pretest. At pretest, there was only one
difference between groups—in overall score on
the scientific reasoning assessment—in which
the control group (M = 41% correct) scored
significantly higher than the treatment group
(M = 35% correct), 1(64), = —2.17, p < .05.
No other differences between groups were sig-
nificant at pretest (all p > .05). However, the
overall pattern of group differences favoring the
treatment group remained the same if regression
analyses were used to predict gain scores from
treatment status (0 = control, 1 = treatment)
while controlling for pretest score: overall as-
sessment (B = 0.29, p < .001), definitional
subskill (B = 0.38, p < .001), research design
subskill (B = 0.21, p < .05), graph interpreta-
tion subskill (3 = 0.16, p = .12), and correla-
tional reasoning subskill (3 = —0.04, p = .67).

Discussion

The results of Study 2 extend our findings on
the value of scientific reasoning modules to a
community college setting, in which class sizes
were slightly larger and students’ incoming sci-

entific reasoning skills slightly lower. Students
in a community college classroom in which a
single scientific reasoning module was imple-
mented showed greater gains in scientific rea-
soning than students in a comparison section,
and the effect size of this difference was more
than a standard deviation in magnitude. These
gains were observed in a between-instructor
comparison and a supplementary within-
instructor comparison.

In the between-instructor comparison, com-
munity college students in the treatment section
showed significantly larger gains than students
in the comparison section in the subskills of
defining variables (d = +1.32) and reasoning
about research design and appropriate conclu-
sions (d = +0.66). The treatment group also
showed larger gains in interpreting data from
graphs and tables (d = +0.34), but this differ-
ence was only statistically significant in the
comparison that controlled for pretest scores.
However, it is important to note that the effect
size for the graph interpretation subskill was
similar in magnitude to that observed in Study
1, in which effects were statistically significant
with a larger sample size. Finally, contrary to
Study 1, there was no evidence that students in
the treatment group made greater gains on the
subskill related to specifically reasoning about
correlational research designs and results, with
little evidence for change in this skill in either
the treatment or comparison group. Results of
the within-instructor comparison largely paral-
leled this pattern of results, indicating that re-
sults were robust even when students taught by
the same instructor were compared in terms
before versus after implementing a scientific
reasoning module.

Summary and Concluding Discussion

Taken together, the two studies reported here
provide strong evidence that targeted activities
can be used to improve scientific reasoning
skills in the introductory psychology course.
Through the inclusion of one or more scientific
reasoning modules, requiring only 30—45 min
of class time each, introductory psychology in-
structors at a liberal arts college and a commu-
nity college produced large gains in students’
scientific reasoning skills relative to students in
comparison sections taught as usual. Although
the number of modules implemented by differ-



1 or one of its allied publishers.

>al Associati

This document is copyrighted by the American Psychologi
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

SCIENTIFIC REASONING IN INTRODUCTORY PSYCH 257

ent instructors varied, data from the community
college indicate that even a single exposure was
associated with significantly greater gains in
scientific reasoning compared with courses
taught as usual. Across the two implementation
sites, student gains were most robust in the
subskills of reasoning about research design and
appropriate conclusions and interpreting data
from graphs and tables. Gains in the subskills of
defining variables and reasoning specifically
about correlational research design and results
were observed only in one implementation site
or the other, suggesting the need for further
research on whether gains vary as a function of
the number and type of modules used or incom-
ing student or classroom characteristics.

It is unclear why a different pattern of sub-
skill development was observed across the two
studies. For the definitional subskill, greater
gains in the treatment group were observed only
in the community college sample. As noted
earlier, the lack of effect for the liberal arts
setting (Study 1) may be attributed to the rela-
tively high pretest performance on this skill
and/or the gains on this skill in the comparison
sections. It is possible that a combination of
higher incoming scores and coverage of this
topic in traditional courses renders little added
benefit to the modules in a liberal arts setting
whereas students in the community college
treatment classes showed large benefit in this
subskill. For the correlational reasoning sub-
skill, greater gains in the treatment group were
observed only in the liberal arts sample. It is
possible that this difference can be attributed to
the number and type of modules implemented
in each setting. Students in the community col-
lege treatment sample were exposed only to a
single module, and our post hoc review of that
module indicates that it does not specifically
address correlational reasoning. However, we
cannot rule out the possibility that this skill is
more difficult to improve or more difficult to
improve in a community college setting. Further
research, using additional classes and testing a
wider range of the modules, will be needed to
help identify the pattern of gains across sub-
skills and why that pattern may be uneven in
different contexts.

The present study builds on previous research
showing that targeted lessons or student proj-
ects can be used to improve aspects of scientific
reasoning (Adam & Manson, 2014; Blessing &

Blessing, 2010; Stevens & Witkow, 2014).
However, the present study takes a novel ap-
proach by distributing the modules to instruc-
tors not involved in the development of the
teaching materials and assessing materials in a
liberal arts and community college setting. This
suggests that the scientific reasoning activities
are flexible enough to be adapted by different
instructors, teaching at different types of insti-
tutions. Indeed, a key feature of the activities
was their modular nature, with instructors able
to choose how many and which modules to
implement during the term. Each module was
designed to stand alone, but several were avail-
able so that instructors would have the ability to
embed scientific reasoning training across dif-
ferent course content.

The inclusion of several modules, which
could be integrated throughout the term, may
have been an important component of the cur-
riculum. This may be particularly useful given
that a recent review of introductory syllabi in-
dicated that less than 5% of lecture time is
devoted specifically to research methods despite
two thirds of syllabi listing research methods as
a key student learning outcome for the course
(Homa et al., 2013). Because repeated exposure
to skill-based concepts is recognized to be crit-
ical to effective training of higher-order and
scientific reasoning skills (Halpern, 1999, 2001;
Willingham, 2007), these modules provide a
means for instructors to ensure scientific reason-
ing is not treated as a “one-off” lesson as part of
the course. Indeed, the modules provided a
means for instructors to provide more time on
research methods and distributed practice
throughout the term, either or both of which
might be key to the favorable results found here.
Furthermore, because the activities all include
applications of psychology, the modules pro-
vide an opportunity to meet APA task force
recommendations for including cross-cutting
themes, such as the application of psychology,
across different content domains (APA, 2014,
Gurung et al., 2016). Some of the specific ques-
tions students addressed as parts of the modules,
such as critiquing claims, evaluating a research
study, and designing possible follow-up studies,
are also well aligned with key tasks recom-
mended in the APA Summit on National As-
sessment of Psychology for addressing learning
goals related to scientific inquiry and critical
thinking (Mueller et al., 2016).
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Introductory psychology remains one of the
most heavily subscribed courses at colleges and
universities nationwide, second only to general
composition courses in enrollment (Goldstein,
2010). Although students who major in psy-
chology typically take one or more dedicated
research methods courses as part of their degree
curriculum (Norcross et al., 2016), for the vast
majority of introductory students who do not
major in psychology, introductory psychology
may serve as their first and only exposure to
critical thinking about research methods. As
such, any efforts in the introductory course to
improve training in scientific reasoning can
have an important impact on goals for improv-
ing general scientific literacy skills in the
broader population (American Association for
the Advancement of Science, 2009; Mueller et
al., 2016).

Limitations and Future Directions

The present study used an assessment fo-
cused on specific scientific reasoning skills,
drawing largely from passage-based, multiple-
choice scientific reasoning questions from the
MCAT preview guide (Association of Ameri-
can Medical Colleges, 2011) and a textbook test
bank (Schacter et al., 2014). This allowed us to
create a brief assessment requiring minimal in-
trusion on class time, focused on the specific
aspects of scientific reasoning targeted in the
modules, while retaining strong face validity
and objective scoring. However, other assess-
ments of critical thinking are available, some of
which the APA has noted could be used to
assess learning outcomes related to scientific
inquiry and critical thinking (see Table 2 in
APA, 2013). At the same time, most of these
other assessments are broader in scope than the
assessment used in the present study, and many
require fees and/or extensive time to administer
and score because of the open-ended nature of
questions. However, future studies could ex-
plore whether the modules used here also lead
to improvements on other measures of scientific
reasoning.

Another limitation of the present research is
that instructors were not randomly assigned to
the treatment and comparison conditions. Thus,
it is difficult to rule out the possibility that there
is something about instructors who volunteer to
try new curricula that leads to greater gains in

scientific reasoning for their students rather than
the activities themselves. However, it is note-
worthy that in the community college setting we
were also able to demonstrate gains in scientific
reasoning when data were compared within the
same instructor (i.e., when comparing student
performance on scientific reasoning questions
in a term before vs. after implementing the
scientific reasoning modules). This suggests
that the modules have added value, even for
instructors who are willing to implement new
curricula. In addition, in prior data presented at
a national conference, we have shown similar
within-instructor benefits of adding the scien-
tific reasoning modules for instructors at a lib-
eral arts college using a smaller, posttest-only
scientific reasoning assessment (Stevens, Wit-
kow, Laughlin, & Yankelevitz, 2016). This sug-
gests that, at least for those instructors willing to
implement the materials, the modules described
here present a means for improving student
learning outcomes in areas of scientific reason-
ing. However, because only one educational
innovation was tested, we cannot assess the
degree to which the gains were due to this
specific curriculum as opposed to general gains
that might be seen whenever an instructor tries
something new.

An interesting question, which could not be
addressed in the present study, is the possibility
of a dose-response function, or that student
gains are larger as more modules are imple-
mented during the term. In future research in-
volving more instructors and classes, this ques-
tion might become tractable. However, in the
present study, the number of modules imple-
mented is confounded by institution type and
instructor such that this analysis was not at-
tempted. It will also be important to test addi-
tional modules in community college settings
because only one module was implemented in
the community college treatment class.

Finally, although the present study included
two diverse settings (community college and
liberal arts college), it is unclear the extent to
which these activities might be adaptable or
generalizable to other environments in which
the introductory course is typically taught, in-
cluding large lecture halls or online environ-
ments. The modular activities described here
are designed for use in smaller-sized classes
where small group and whole class discussion
are possible, but they will need to be adapted if
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they are to be useful in other types of introduc-
tory psychology contexts. In ongoing work, we
are working to create adaptations of the mate-
rials for large lecture and online environments
and to test their effectiveness in these settings.

Conclusion

Training scientific reasoning, in introductory
psychology and more generally in first-year sci-
ence courses, remains an important goal of
higher education (American Association for the
Advancement of Science, 2009; APA, 2013;
National Research Council, 2011, 2012). The
present study provides a rigorous assessment of
materials and demonstrates that these skills can
be improved in students when specific, targeted
activities are included in the introductory psy-
chology course. The ability of instructors not
involved in curriculum development to use the
materials, and to realize gains in scientific
thinking for their students, provides a promising
start for ongoing efforts to improve the training
of scientific thinking in introductory psychol-
ogy courses.
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