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Recursive Processes in
Self-Affirmation: Intervening to
Close the Minority Achievement Gap
Geoffrey L. Cohen,1* Julio Garcia,1 Valerie Purdie-Vaughns,2 Nancy Apfel,3 Patricia Brzustoski3

A 2-year follow-up of a randomized field experiment previously reported in Science is presented. A
subtle intervention to lessen minority students’ psychological threat related to being negatively
stereotyped in school was tested in an experiment conducted three times with three independent
cohorts (N = 133, 149, and 134). The intervention, a series of brief but structured writing assignments
focusing students on a self-affirming value, reduced the racial achievement gap. Over 2 years, the
grade point average (GPA) of African Americans was, on average, raised by 0.24 grade points.
Low-achieving African Americans were particularly benefited. Their GPA improved, on average, 0.41
points, and their rate of remediation or grade repetition was less (5% versus 18%). Additionally,
treated students’ self-perceptions showed long-term benefits. Findings suggest that because initial
psychological states and performance determine later outcomes by providing a baseline and initial
trajectory for a recursive process, apparently small but early alterations in trajectory can have long-term
effects. Implications for psychological theory and educational practice are discussed.

Whether and how psychological inter-
ventions produce lasting positive con-
sequences are critical questions for

scientists and policy-makers. This report presents
evidence of how interventions, even brief or sub-
tle, can produce lasting benefit when targeted at
important psychological processes. It does so by
focusing on the long-term impact of a psycho-
logical intervention designed to reduce the racial
achievement gap through the lessening of aca-
demic underperformance.

The achievement gap between academically
at-risk minority students and European American
students has long concerned the educational com-
munity (1). In a society where economic success
depends heavily on scholastic accomplishment,
even partial remediation of this gap would be
consequential. This is especially true for low-
achieving students, given the societal, institutional,
and personal costs of academic failure.

Research shows the importance of psycho-
logical factors in intellectual achievement (2–4).

Situations where one could be judged or treated
in light of a negative stereotype can be stressful
and thus undermine performance (5–7). For
African Americans in school, the concern that
they or another African American could be seen
as confirming a negative stereotype about their
group’s intelligence can give rise to stress and
depress performance (5–8).

Findings of two randomized field experiments
addressing this psychological threat in the class-
roomwere reported in Science (8). These tested a
values-affirmation intervention. Beginning early
in seventh grade, students reflected on an im-
portant personal value, such as relationships with
friends and family or musical interests, in a series
of structured writing assignments. Such self-
affirmations reduce psychological threat and stress
(9–11) and can thus improve performance. The
intervention should benefit students from groups
subjected to threat pervasive enough to undermine
their average performance—in this case, negative-
ly stereotyped minority students. As predicted, rel-
ative both to a control group and to historical norms,
one or two administrations of the intervention im-
proved the fall-term grades of African Americans
and lowered the psychological availability of the ste-
reotype. EuropeanAmericans were unaffected (8).

A 2-year follow-up is now reported. We as-
sess whether the affirmation buffers minority

students from the effects of psychological threat
over the long term, leading to academic benefits
beyond the short-term ones of a single academic
term previously found. Generally, psychological
processes and their consequences are examined
for relatively brief periods, often in experimental
studies lasting 30 min or an hour. By contrast,
because the present study spans 2 years, its find-
ings speak to how an apparently brief psycho-
logical intervention triggers processes that affect
performance and psychological outcomes over
considerable periods of time. Given the multitude
of factors that could mute the effects of such pro-
cesses in the classroom, the findings address the
longevity and real-world significance of these pro-
cesses. This is particularly important given that the
effects of interventions and psychological manip-
ulations often decay and may even reverse over
time for reasons that are little understood (12, 13).

Because chronic evaluation is a key aspect of
school and work environments, performance in
these settings can be self-reinforcing. A recursive
cycle, where psychological threat lowers perform-
ance, increasing threat and lowering performance
further, in a repeating process, can magnify early
performance differences among students (14). Early
outcomes set the starting point and initial trajectory
of a recursive cycle and so can have dispro-
portional influence. For instance, the low self-
confidence of students who experience early failure,
even by chance, is surprisingly difficult to undo
(15). A well-timed intervention could provide ap-
preciable long-term performance benefits through
early interruption of a recursive cycle.

Results encompass the original two student
cohorts and a third cohort run after the original
two experiments. The cohorts were observed for
a period running from the first term of seventh
grade to the end of eighth grade, typically cover-
ing ages 12 to 14. Although the period involves
the last 2 years of middle school, for clarity these
will henceforth be referred to as Year 1 and 2,
respectively. Individual students were randomly
assigned to the affirmation condition or the con-
trol condition. The former completed affirmation
exercises, the latter neutral exercises. The treat-
ment consisted of variations on the original affir-
mation exercise in which students wrote about
the personal importance of a self-defining value
(16). The control exercises consisted of variations
on the original control exercise in which students
wrote about an unimportant value or a similarly
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neutral topic like their morning routine. The ex-
perimental manipulation, given three to five times
in the seventh grade, occurred at roughly equal
intervals throughout the year.

With the exception of a treatment dosage ma-
nipulation introduced at the beginning ofYear 2, all
original condition assignmentswere preserved (16).
At the start of Year 2, 50% of the affirmed students
were randomly assigned to a booster condition.
These students received between two and four addi-
tional affirmations in Year 2. All remaining partici-
pants completed control exercises. This would
determine whether long-term intervention effects,
if present, rested on the treatment’s continued ad-
ministration or were triggered by its early effects.

The key outcome was grade point average
(GPA) in core academic courses (science, social
studies, math, and English), as the intervention
was administered in different courses over 2 years
and its effect was found across core courses in the
original studies (8). To increase statistical power,
we combined data from the three cohorts,
because the intervention’s effect, if found, was
expected to be small and was found to be con-
sistent across cohorts (16).

Complete GPA data for 2 years were ob-
tained for 93% of the original participants (N =
385). Attrition did not vary by experimental con-
dition either overall or within racial group (16).
Degrees of freedom are greater for earlier out-

comes because of attrition. Multiple regression
tested treatment effects (16). A positive effect of
affirmation on average 2-year GPA emerged for
African Americans but not for European Amer-
icans. As with short-term grades, a group ×
experimental condition interaction emerged for
the new long-term data [B = 0.33, t(321) = 3.59,
P < 0.001] (table S1). African Americans earned
a higher 2-year GPA in the affirmation condition
than in the control condition [B = 0.24, t(144) =
3.45,P= 0.001]. No treatment effect was found for
European Americans [B = −0.07, t(170) = −1.19,
P = 0.236]. The treatment effect for African
Americans emerged for GPA in both outcome
years. The group × treatment interaction and
treatment effect for African Americans was sig-
nificant for each year [Year 1: interaction B =
0.25, t(344) = 2.73, P = 0.007, treatment B =
0.18, t(162) = 2.69, P= 0.008; Year 2: interaction
B = 0.39, t(321) = 3.25, P = 0.001, treatment B =
0.27, t(144) = 3.03, P = 0.003].

If the intervention interrupts a recursive process,
its effects should be larger for initially low-achieving
African Americans, because low performance should
trigger worsening performance. Affirmation should
make their prior performance less predictive of sub-
sequent achievement. A three-way interaction be-
tween racial group, condition, and a continuous
measure of pre-intervention performance on aver-
age 2-year GPA shows this [B = −0.32, t(319) =

−2.59, P = 0.010] (16). A two-way interaction be-
tween condition and pre-intervention performance
emerged for African Americans [B = −0.21, t(144) =
−2.49, P = 0.014], not European Americans [B =
0.10, t(170) = 1.10, P = 0.274]. Regardless of
previous performance level, European Americans
were unaffected by the intervention. However,
the affirmation effect was significant for low-
performing African Americans, those at the 25th
percentile of pre-intervention performance for
their racial group [B = 0.41, t(144) = 4.41, P <
0.001]. Although the affirmation effect was present
in the first term for high-performingAfricanAmeri-
cans, those at the 75th percentile of pre-intervention
performance for their group [Fig. 1; B = 0.19,
t(160) = 2.30, P = 0.019], it decayed and did not
reach significance on 2-year GPA for them [B =
0.15, t(144) = 1.67, P = 0.096]. At mean or mod-
erate pre-intervention performance, treatment ef-
fects were virtually identical to those in the overall
analysis (16).

Affirmed African Americans should be more
likely to maintain their performance over time if
the intervention interrupted a recursive process of
worsening performance. Indeed, the downward
trend in performance commonly found in middle
school (17) was less steep for these students than
for African Americans in the control condition,
not just for one term but across 2 years. Although
all children performed progressively worse with
time (Fig. 1), the linear decline in annual GPA
was smaller among affirmed than nonaffirmed
African Americans [F(1,146) = 7.36, P = 0.007]
(16). The decline among European Americans
did not vary by condition [F(1,172) = 1.37, P =
0.24; group × condition × measure interaction,
F(1,323) = 7.41, P = 0.007]. Figure 2 illustrates
how the performance trajectory of low-achieving
African Americans angles upward after the in-
tervention, keeping the gap between them and
European Americans from widening with time.

Although the initial treatment had long-term
performance effects, the dosage manipulation did
not moderate the treatment effect on Year 2 GPA
for either racial group or for any pre-intervention
performance subgroup [| t’s | < 1.3, P’s > 0.20].
This further supports the presence of a recursive
process, as the intervention’s early effects suffice to
explain its long-term effects (16). All students, in-
cluding African Americans, tended to perform rela-
tively worse in Year 2 if they had performed poorly
in Year 1, even controlling for pre-intervention
performance (16). That the treatment effect on
Year 2 GPAwas significantly mediated by Year 1
GPA suggests that this natural performance cycle
could have carried forward the intervention’s early
impact (SOM Text).

The intervention’s impact on students’ psy-
chological environment is indicated by data sug-
gesting that it buffered African Americans against
the impact of early poor performance on their
long-term perceptions of adequacy. A survey as-
sessed students’ self-perceived ability to fit in and
succeed in school—their adaptive adequacy in the
academic environment (16). These data indicate

Fig. 1. Mean GPA in
core courses, as a func-
tion of student group
(African American versus
European American), ex-
perimental condition, and
pre-intervention level of
performance of African
Americans (an average of
the prior year’s GPA and
pre-intervention seventh-
grade performance). Data
fromparticipantswith com-
plete data are presented.
Error bars represent stan-
dard errors. African Amer-
icans were categorized
into low and high per-
formers based on a me-
dian split within their
racial group, reflecting
their relative standing
within their group. Year
1, Term 1 represents the
first term after the initia-
tion of the intervention.
(Left) Rawmeans and er-
ror terms. (Right)Means
and error terms adjusted
for baseline covariates
and students’ assigned
teacher team. The scale
reflects the grade metric,
ranging from 0 (= F) to
4.33 (= A+).
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that the intervention uncoupled African Ameri-
cans’ long-term perceptions of adequacy from
early poor performance. African Americans who
had performed poorly early in the school year,
and then received the affirmation, maintained
a sense of their ability to fit and succeed in
school over time. They had similar levels of self-
perceived adequacy at the beginning and end of
the year [paired | t | < 0.2]. For them, as for
European Americans, early poor performance
bore little relationship to their perceptions of
adequacy at year’s end, controlling for baseline
perceptions [B’s < 0.04, | t’s | < 1]. By contrast, for
African Americans in the control condition, per-
forming poorly before themanipulation predicted
more negative perceptions of adequacy later [B =
0.23, t(155) = 3.79, P < 0.001]. They had lower
self-perceived adequacy at the end of the year
than they had had at the beginning [paired t(40) =
−2.45,P= 0.019]. Low-performingAfricanAmer-
icans thus ended the year with a lower sense of
personal adequacy in the control condition than
in the affirmation condition [B = 0.31, t(155) =
3.30,P= 0.001], with the latter not differing from
European Americans [| t | < 1]. A mid-year as-
sessment, which due to pragmatic constraints
involved a shorter scale and only the first two
cohorts, yielded the same results. Without interven-
tion, early poor performance for minority students

appeared to deliver a lasting blow to their sense
of adequacy (18).

Although end-of-year adequacy correlated with
higher GPA [R = 0.23, P < 0.001], statistical
evidence that it mediated the treatment effect on
GPA was not found (16). This suggests that the
intervention might have discrete effects on a host
of education-relevant psychological and behav-
ioral outcomes. Here the intervention weakened
the relationship not only between past and future
performance, but also between past performance
and later psychological state.

We also explored the effect of the intervention
on students’ assignment by their school to two
major performance tracks—whether students were
placed in remediation (assigned to a remedial
program or held back in their grade), and whether
they received advanced placement inmath (16). Of
the 13 students in the sample placed in remediation
after the intervention, 11 were in the control con-
dition (6%, versus 1% in the affirmation condi-
tion). Because counts for European Americans
receiving the intervention were zero, we tested
main effects of affirmation and racial group sepa-
rately (16) (fig. S1). Logistic regression yielded
a condition effect, with fewer affirmation-treated
students placed in remediation [Dc2 (1) = 14.06,
P < 0.001]. Additionally, fewer European Amer-
icans (2%) were placed in remediation than Afri-

can Americans (6%) [c2 (1) = 4.03, P = 0.045].
However, fewer affirmed African Americans were
so classified than nonaffirmed African Americans
[3% versus 9%; Dc2 (1) = 9.31, P = 0.002]. This
condition effect was confined to previously low-
performing African Americans [5% versus 18%]
(16). Condition effects were virtually identical in a
rare events logistic regression (19).

Evidence of a positive treatment effect regard-
ing assignment to advanced placement in math was
found for African Americans (SOM Text) (16).

A values-affirmation intervention closed the
achievement gap not only over one school term,
but throughout African Americans’ tenure in mid-
dle school. It also decreased the number ofAfrican
Americans identified as at-risk and enrolled in
remediation. Moreover, the intervention benefited
those most in need and often least affected by tra-
ditional intervention—low-achieving students (20).

In chronically evaluative settings such as school,
performance issues from self-reinforcing or recur-
sive processes. A feedback loop, with psychological
threat and poor performance reinforcing one an-
other, can create worsening performance over
time. Students’ poor performance may also cause
them to be seen as less able by their teachers and
less worthy of attention and mentoring, increas-
ing the likelihood of lower performance (21). The
ability of the intervention to interact with recur-
sive processes lies at the heart of how its effects
persisted for 2 years. Because initial psycholog-
ical states and early performance establish the
starting point and initial trajectory of a recursive
cycle, they can have disproportionate influence
on long-term outcomes. When such recursive cy-
cles are interrupted early, baseline outcomes and the
long-term performance trajectories following from
them can be changed. That a new starting point and
trajectory for the recursive cycle was introduced
by the affirmation is suggested by its weakening of
the relationship between early poor performance
and later performance and felt adequacy.

The following findings provide evidence for
the intervention’s interruption of a recursive
cycle. First, early poor performance was less pre-
dictive of later performance and psychological
state for affirmed African Americans than for
nonaffirmed ones, suggesting that the interven-
tion reset the starting point of a recursive cycle.
Second, the affirmation not only benefited GPA,
but also lifted the angle of the performance tra-
jectory and thus lessened the degree of down-
ward trend in performance characteristic of a
recursive cycle. Third, the affirmation’s benefits
were most evident among low-achieving African
Americans. These are the children most under-
mined by the standard recursive cycle with its
worsening of performance and magnifying of ini-
tial differences in performance. Fourth, the affir-
mation prevented the achievement gap from
widening with time. Fifth, treatment boosters
were not needed to sustain its impact into Year 2.
This indicates that processes triggered by the
intervention in Year 1 suffice to explain its ef-
fect in Year 2. That the intervention’s first-year

Fig. 2.Mean GPA in core
courses for each term over
2 years, as a function of
student group (African
American versus European
American), experimen-
tal condition, and pre-
intervention level of
performance of African
Americans (an average
of the prior year’s GPA
and pre-intervention
seventh-grade perform-
ance). Data from par-
ticipants with complete
data are presented. Af-
rican Americans were cat-
egorized into low and
high performers based
on a median split within
their racial group, reflect-
ing their relative stand-
ing within their group.
Because European Amer-
icans in the two conditions
did not differ significantly,
their data were combined.
(Left)Rawmeans. (Right)
Means adjusted for base-
line covariates and students’
assigned teacher team.
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impact mediated much of this effect further sup-
ports this notion.

Finally, students’ psychological state sheds
light on how affirmation processes interact with
the recursive cycle. African Americans, a stereo-
typed group, displayed greater psychological vul-
nerability to early failure. For them, early failure
may have confirmed that the stereotype was in
play as a stable global indicator of their ability to
thrive in school. By shoring up self-integrity at this
time, the affirmation helpedmaintain their sense of
adequacy and interrupted the cycle in which early
poor performance influenced later performance and
psychological state. Students’ performance and
psychological trajectory can be strongly influenced
by timely actions, even when apparently small,
that alter or reset the trajectory’s starting point.

Other factors, such as teachers’ expectancies
of their students, could contribute to the longevity
of the treatment’s effect (21). For instance, that
fewer affirmed children were assigned to reme-
diation suggests that the intervention’s effects
were not only noted by the academic system, but
acted upon by it.

The findings demonstrate how initial psycho-
logical processes, triggered by an apparently subtle
intervention, can have psychological and pragmatic
effects that perpetuate themselves over extended
time spans, in the present case 2 years (6, 13).
They demonstrate the role of such processes in
long-term intellectual achievement and also sug-

gest a practical strategy for addressing the achieve-
ment gap. Effective psychological interventions
depend on the presence of positive and sufficient
structural, material, and human resources. Together
with such resources and other educational pro-
grams, psychological interventions can help indi-
viduals perform to their potential and produce
lasting positive changes in equity and opportunity.
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Mirror Neurons Differentially Encode
the Peripersonal and Extrapersonal
Space of Monkeys
Vittorio Caggiano,1 Leonardo Fogassi,2,3 Giacomo Rizzolatti,3 Peter Thier,1 Antonino Casile1*

Actions performed by others may have different relevance for the observer, and thus lead to different
behavioral responses, depending on the regions of space in which they are executed. We found that in
rhesus monkeys, the premotor cortex neurons activated by both the execution and the observation
of motor acts (mirror neurons) are differentially modulated by the location in space of the observed
motor acts relative to the monkey, with about half of them preferring either the monkey’s peripersonal
or extrapersonal space. A portion of these spatially selective mirror neurons encode space according
to a metric representation, whereas other neurons encode space in operational terms, changing their
properties according to the possibility that the monkey will interact with the object. These results
suggest that a set of mirror neurons encodes the observed motor acts not only for action understanding,
but also to analyze such acts in terms of features that are relevant to generating appropriate behaviors.

Mirror neurons are a set of neurons, first
described in the monkey premotor area
F5, that respond both when the monkey

performs an active goal-directed motor act and
when he observes the same motor act performed
by others (1, 2). The most accepted interpretation
of the function of mirror neurons is that they are
involved in action understanding. Here, we in-
vestigated whether mirror neurons, besides play-
ing a role in this function, also encode aspects of
the observed actions that are relevant to subse-

quent interacting behaviors. A way to test this
hypothesis is to examine the effect of relative
distance between observer and actor on mirror
neuron responses. Although completely irrele-
vant for “understanding” what the actor is doing,
a precise knowledge of the distance at which the
observed action is performed is crucial for se-
lecting the most appropriate behavioral reaction.

To investigate quantitatively the possible
degree of spatial modulation of the visual re-
sponses of mirror neurons, we first isolated hand

movement–related neurons in area F5 of two
rhesus monkeys by measuring the neurons’
discharge while each monkey was executing
hand goal-directed motor acts. The visual proper-
ties of these neurons were then assessed by hav-
ing the experimenter perform the same motor acts
in the monkey’s peripersonal and extrapersonal
(3–7) space, respectively (Fig. 1, A and B). The
position of the experimenter’s body was the same
in all conditions, and actions were performed in
the middle sagittal plane of the monkey’s body.
The selectivity for one of the two regions of space
was then assessed by means of quantitative
statistical analysis of the response patterns of 105
mirror neurons recorded from two monkeys (8).

Figure 2A shows the visual responses of three
mirror neurons to motor acts executed in the peri-
or extrapersonal space of the monkey. All three
neurons responded during active movements of
the monkey. However, their visual responses
exhibited different types of tuning depending on
whether the observed actions were executed in the
monkey’s peri- or extrapersonal space. Of all F5
mirror neurons tested, 26% (n = 27) exhibited a

1Department of Cognitive Neurology, Hertie Institute for
Clinical Brain Research, University of Tübingen, 72076
Tübingen, Germany. 2Dipartimento di Psicologia, Univer-
sità di Parma, 43100 Parma, Italy. 3Dipartimento di
Neuroscienze e Istituto Italiano di Tecnologia, Università
di Parma, 43100 Parma, Italy.
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Supporting Online Material 

 

Materials and Methods 

 

Subjects 

 

With the inclusion of the data from the new, third cohort of students, the following is based on 

the supporting material provided in our initial Science report (S1). Participants were recruited for 

the project via permission slips sent to students’ parents through the mail and/or distributed in 

the classroom. These slips allowed parents to indicate whether they accepted or declined their 

child’s participation in the study. Parents’ acceptance included granting the researchers access to 

their child’s official school grades. Of the total students enrolled, approximately 63% returned 

their permission slips in each year of the project. As access to special education students was 

limited at the start of the project, participants were predominately regular education students. Of 

those students returning permission slips, approximately 81% provided consent each year.  

 

Of the original sample, 4 students in Experiment/Cohort 1, 34 students in Experiment/Cohort 2, 

and 19 students in Experiment/Cohort 3 were excluded. This occurred for the following reasons: 

absence at the time of the administration of the intervention (Experiment 1, n = 3; Experiment 2, 

n = 5); students’ enrolled in a classroom not participating in the intervention (Experiment 2, n = 

27; Experiment 3, n = 3); students’ withdrawing from the school or being retained in 6th grade 

before the commencement of the study in 7th grade (Experiment 3, n = 15); missing data 
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(Experiment 1, n = 1); students’ not understanding experimental instructions (Experiment 3, n = 

1); and experimenter error (i.e., students received both treatment and control exercises; 

Experiment 2, n = 2).  

 

The resulting baseline sample with performance data in Experiment 1 consisted of 133 students 

(60 males, 73 females). Of these, 38% were African American, 46% European American, 11% 

Hispanic or Latino American, and 5% Asian American. The final sample in Experiment 2 

consisted of 149 students (76 males, 73 females). Of these, 46% were African American, 42% 

European American, 6% Hispanic or Latino American, 4% Asian American, and 1% “other.” 

The final sample in Experiment 3 consisted of 134 students (63 males, 71 females). Of these, 

42% were African American, 48% European Americans, 10% Hispanic or Latino American, and 

1% Asian American. 

 

As in our original Science report (S1), our analyses focused on African American students and 

European American students due to the small sample sizes of the other ethnic groups at the 

school site. However, virtually identical results are obtained if a bimodal category, comprised of 

Latino Americans and African Americans in a “negatively stereotyped” group (S2), and 

European Americans and Asian Americans in a “non-negatively stereotyped” group, is used. 

 

Attrition. Complete data were obtained from 93% of the study participants, as 385 students of the 

416 students who initially took part in the study provided complete data for each term over the 

two years of the study. Incomplete data from 31 students occurred for the following reasons: 29 

students moved from the school district or left the school. Additionally, 2 students were excused 
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from the normal grading policies for at least one term due to extraneous factors such as medical 

issues. Of the 31 students, 8 left or did not provide grade data during Year 1, 7 in Year 2, and 16 

left in the summer between the two years.  

 

Attrition did not vary by experimental condition either across all participants [χ
2
 (1) = 0.59, P = 

0.443] or in the focal racial group of African Americans [χ
2
 (1) = 0.01, P = 0.939]. However, 

attrition did vary by group, with African Americans having higher attrition rates (10%) than 

European Americans (4%) [χ
2
 (1) = 6.09, P = 0.014].  

 

Experimental tasks 

 

Students participated in the study for two years. Due to pragmatic constraints, the frequency of 

the intervention varied somewhat from year to year, and cohort to cohort. For Experiment/Cohort 

1, there were five administrations of the intervention in Year 1 (7th grade) and two in Year 2 (8th 

grade). For Experiment/Cohort 2, there were three administrations of the intervention in Year 1 

and four in Year 2. For Experiment/Cohort 3, there were four administrations of the intervention 

in each year.  

 

At each administration of the intervention, students received an envelope that was marked with 

their name. These envelopes contained exercises for either the control condition or the treatment 

condition. All teachers were provided with an identical script and procedure to follow in 

introducing and distributing the envelopes containing the exercise (e.g., “In class today, you’re 
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going to be doing a writing assignment for me”). They were also provided with specific answers 

to questions students might raise.  

 

Teachers were kept blind to students’ assignment to condition through a number of steps. Among 

these was the distribution of the treatment and control exercises in closed envelopes. Only 

students opened their envelopes, and upon completion of the exercise, they placed it back into 

the envelope and sealed it. Additionally, identical envelopes containing the exercises were 

distributed to all students in each teacher’s class. Moreover, the exercises provided students with 

self-explanatory instructions, requiring virtually no guidance from teachers. Teachers were also 

instructed to remain at their desk while students independently and silently completed the 

exercise. We further minimized any potential teacher contamination effects by withholding from 

the teachers critical information about the nature of the exercises. This included, among other 

things, which exercise constituted the treatment and which the control, the differences in content 

between the exercises, and the hypothesized impact of the exercises. Additionally, the visual 

appearance of the treatment and control exercises was virtually identical in format and structure. 

While the differences in the content of the exercises lay in relatively small but important details, 

their visual appearance was virtually the same.  

 

The written instructions used to guide students through the exercises had previously been 

thoroughly tested to ensure that they were intelligible, age-appropriate, and self-explanatory. 

Both affirmation and control exercises followed procedures similar to those developed and 

validated in prior research (S3, S4). In both conditions, subjects were presented with a short 

packet at each intervention administration.  
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Basic format of first interventions. With some minor variations, in each year the first two 

interventions followed the same basic format. The written instructions in the first intervention 

informed all subjects that they would be providing written responses to questions about “your 

ideas, your beliefs, and your life.” The instructions further emphasized that while answering the 

various questions in the exercise, they should keep in mind that, “there are no right or wrong 

answers.” The same set of values were listed on the cover page of the packet in both conditions: 

athletic ability, being good at art, being smart or getting good grades, creativity, independence, 

living in the moment, membership in a social group (such as your community, racial group, or 

school club), music, politics, relationships with friends or family, religious values, and sense of 

humor.  

 

To provide a more difficult test of the hypothesis, the first intervention in Cohorts 2 and 3 

excluded the value being smart or getting good grades. Previous research shows that there is 

flexibility in the sources of self-integrity, so that one’s ability to endure threats in one domain 

can be bolstered by one’s identity in a different domain (S5, S6). Given this, if people are 

protecting their sense of global worth or “self-integrity,” the intervention’s impact should be 

evident if they self-affirm in a domain different from the one in which they are threatened, in the 

present case academics.  

 

For the first intervention, subjects in each condition were asked to read the list of values and to 

think about each one. For Cohort 1, subjects in both conditions were asked to mark the value 

“that is most important to you” with an “M” and the value “that is least important to you” with 
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an “L.” For Cohorts 2 and 3, the task was simplified. In the treatment condition subjects were 

directed to circle their two or three most important values and in the control condition they were 

directed to circle their two or three least important values. For both experiments, students in each 

condition were informed that although several of the values might be important/not important to 

them, they should select only the requested number of values. 

 

The next page of the packet directed subjects in the affirmation condition to “look at the value[s] 

you picked as most important to you,” and to think about times when “this value” (Cohort1) or 

“these values” (Cohorts 2 and 3) were “important to you.” They were then instructed to describe 

“in a few sentences” why their selected value/s were important to them. The following statement 

was included to reduce any evaluation apprehension that might otherwise be evoked: “Focus on 

your thoughts and feelings, and don’t worry about spelling, grammar, or how well written it is.” 

The instructions were virtually identical for subjects in the control condition, except that they 

instructed students to think about times when their least important value/s might be important to 

someone else, and to describe why the value/s might be important to someone else (S3, S4). 

 

For the first intervention, the manipulation was reinforced on the final page of the packet. 

Students in the affirmation condition were asked to list the top two reasons why the value/s they 

had selected were important to them. Students in the control condition were asked to list the top 

two reasons why someone else would view the chosen value/s as important. Finally, to further 

increase the intervention’s potential impact, subjects were asked to indicate their level of 

agreement with four easy-to-agree-with statements concerning their selections (S7). In the 

affirmation condition, examples included, “This value has [these values have] influenced my 
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life”; “In general, I try to live up to this value [these values]” and “This value is [These values 

are] an important part of who I am.” The questions in the control condition, although similar, 

focused on other people (e.g., “These values have influenced some people”). Students indicated 

their response to each statement using separate scales that offered six response options, ranging 

from “strongly disagree” to “strongly agree.” 

 

Subsequent interventions. After the first two interventions in a given year, students completed a 

series of structured affirmation or control exercises over the remainder of the year. For the 

affirmation condition, these involved using different sets of values, changing the nature of the 

writing task (e.g., by having students write about why a certain value would be important to them 

over winter break), and personalizing the intervention by focusing it on a value each student had 

singled out in a previous affirmation exercise. For the control condition, these involved having 

students write about a daily routine, such as what they do when they get up in the morning or 

after they return home from school.  

 

Performance outcomes 

 

Grade point average (GPA). Academic performance was calculated using end-of-term official 

report cards provided by the school administration. The primary outcome was average GPA in 

core courses—science, social studies, math, and English/language arts. Students’ GPA was 

assessed over 7th and 8th grade, with the exception of two students held back in the 7th grade, 

whose data in Year 2 came from their second year in that grade.  
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Enrollment in remediation. These data were also obtained from students’ official school records. 

A composite score was created consisting of the three types of remediation indices provided by 

the school over the life of the project. These included: enrollment in a special school or tutoring 

program to help students catch up academically; classification of a child as exhibiting 

learning/emotional/behavioral difficulties interfering with school work, typically accompanied 

by enrollment in a special assistance program; and retention in either 7th or 8th grade, that is, 

being held back in the same grade. 

 

Advanced placement in math. These data were also obtained from students’ official records. 

Results are presented in the Supporting Text at the end of this document.  

 

Psychological outcome of self-perceived adequacy 

 

A survey assessing students’ sense of adequacy in the academic environment—their ability to fit 

in and succeed in school—was administered once at the beginning of 7th grade (Year 1) prior to 

the experimental intervention, and then once at the end of the academic year. This scale was 

based on one used by the researchers in previous intervention research examining African 

American college students’ sense of fit in school (S8). In order to make it appropriate for the 

younger age group in the present research, the scale was shortened and its language simplified. 

The survey consisted of two subscales. One subscale included 5 items to assess self-perceived 

social belonging in school (e.g., “People in my school accept me”; α = 0.77). The second 

subscale included 4 items to assess self-perceived ability to succeed in school (e.g., “I know what 

I need to do to succeed at [school name]”; α = 0.66). Together these two scales assess students’ 
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self-perceived “goodness of fit” in the academic environment. Students responded to each item 

using a 6-point scale ranging from 1 (strongly disagree) to 6 (strongly agree). The reliability of 

the entire scale was found to be adequate [α = 0.79]. In order to further simplify the scale, for 

Cohort 3, one item with the lowest correlation with the overall scale mean [R = 0.49, P < 0.001] 

was removed. All but 11 students in the three cohorts completed the survey at time 1 and all but 

13 completed it at time 2.  

 

In order to assess the validity of the two subscales, a principal components analysis using 

varimax rotation was performed on the 9 scale items. In this analysis missing values were 

replaced by the item mean; virtually the same results are obtained if cases with missing values 

are excluded in the analysis. As expected, the analysis produced two discrete components. The 

first component pertained to social belonging (eigenvalue = 3.52), and the second component 

pertained to ability to succeed (eigenvalue = 1.23). The items comprising each of these 

components displayed absolute loading values ranging from 0.56 to 0.77, while at the same time 

registered no absolute loading value greater than 0.3 on a component other than its own. Pre-

manipulation and post-manipulation composites were created for both components after reverse-

coding negatively valenced items, and then averaged to provide mean ratings of self-perceived 

adequacy at both time points.  

 

Data Analysis 

 

Official course grades data. Analyses were conducted on participants providing complete data 

for the outcomes of interest. As in our previous report (S1), for the analyses of official grades 
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multiple regression was used to test the group x condition interaction and to compute the 

treatment effect for each of the two racial groups separately. A dummy variable was created for 

experimental condition (0 = control, 1 = treatment). Another dummy variable was created for 

student group (0 = European American, 1 = African American), and still another for student 

gender (0 = male, 1 = female). Two additional dummy variables were created to code for the 

three possible sets of teachers that each student could have in Year 1. These are referred to as 

teacher teams. Students belonging to the same team generally shared the same teachers for their 

core courses. For analyses of Year 2 GPA and overall GPA across both years, four dummy 

variables were created to code for the five possible teacher teams in Year 2. We controlled for 

Year 2 team because of the variability associated with different teams and teachers, their 

different curricula, and their different grading systems. However, these are not technically 

baseline variables, given that assignment to Year 2 team occurred after the initiation of the 

interventions. However, excluding these latter dummy variables from analyses does not change 

the results. Finally, two dummy variables coded for the three yearly cohorts of students.  

 

As in our previous report (S1), the tested covariates included a standardized measure of baseline 

or pre-intervention performance in 7th grade, GPA in core courses taken in the previous year, 

and a standardized measure of pre-intervention state achievement test performance. All covariate 

data were obtained from teachers’ official, pre-intervention gradebooks or official student 

transcripts. Two students had missing values for 7th grade pre-intervention performance, while a 

third student was missing previous year’s GPA. To avoid losing these observations, a regression-

estimated value based on the students’ standing along the other baseline variables was used as 

substitute value for the former two students. This was advisable as these baseline variables could 
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account for much of the variance in the predictor; in particular previous year’s GPA correlated 

highly [R = 0.66, P < 0.001]. In the latter student’s case, academic grades from 5th grade were 

used. Results were not changed by simply dropping these participants from analyses, or by using 

any various alternatives methods for dealing with these missing values, such as substituting the 

sample mean for each missing value and then including in the models a dummy variable to code 

whether the value was missing or not. Pre-intervention state-wide test performance did not 

consistently account for unique variance in the analyses above and beyond the two other 

performance-based covariates and was thus excluded from the models. Also, as noted in the 

supporting material accompanying our original report, because the grading system used by each 

teacher was different, and thus the predictive power of baseline 7th grade performance could 

vary as a function of teacher, our models tested terms representing the interaction of this 

performance outcome with each of the relevant teacher team dummy variables (S1). However, 

these too did not account for unique variance in outcome and accordingly they were not retained 

in the models; retaining them did not change the results. 

 

Regression analyses of Year 1 GPA used the Year 1 teacher team dummy variables. Regression 

analyses both of Year 2 GPA, and of overall GPA across Years 1 and 2, used team dummy 

variables from both Year 1 and Year 2. As noted previously, dropping the Year 2 team dummy 

variables does not change the results.  

 

As in our previous report (S1), the 2-way interaction between student group (African American 

vs. European American) and experimental condition was computed in a full regression model 

that included main effects of student racial group, student gender, experimental condition, 
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teacher team, and the enumerated covariates, and all main effects and 2-way interactions 

involving student racial group, student gender, and experimental condition. Additionally, the two 

dummy variables coding for the three cohorts were also included. Table S1 presents the 

regression coefficients, standard errors, and t values for each term in the full regression model. In 

computing the treatment’s effect on African Americans, we similarly controlled for the same 

specified covariates and main effects. This permitted the most precise estimate of the treatment 

effect.  

 

Moderation by cohort and teacher? The treatment effect on African Americans’ academic grades 

was consistent across different teachers and cohorts. No interaction effect involving experimental 

condition on the one hand and teacher team, cohort, or the combination of the two, was found for 

them [| t’s | < 1.19, all P’s >.30]. 

 

Repeated measures analyses of GPA-over-time data. We computed the linear trend by 

submitting GPA from the previous year (pre-intervention), average GPA in Year 1, and average 

GPA in Year 2 to a repeated measures analysis. The latter two average GPA indices consisted of 

the average GPA over each of the four terms of Year 1 and Year 2, respectively. The model 

testing the difference in linear trend as a function of condition controlled for cohort, teacher 

team, and student gender. The model testing the difference in linear trend as a function of both 

condition and students’ racial group additionally included all 2-way interactions involving 

students’ racial group, student gender, and experimental condition.  
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Effects involving pre-intervention performance levels. In our analysis of the effect of condition as 

a function of pre-intervention performance, we first standardized the two statistically significant 

pre-intervention performance covariates—previous year’s GPA and pre-intervention 7th grade 

performance—and then averaged the two standardized scores. We then followed conventional 

regression and simple slopes analyses for testing interactions involving this variable (S9, S10). 

Specifically, pre-intervention performance was mean-centered on the sample being analyzed. 

That is, the sample mean was subtracted from each participant’s score on pre-intervention 

performance. In testing the 3-way interaction involving condition, racial group, and pre-

intervention performance, the latter was mean-centered using the sample mean for European 

Americans and African Americans combined. The main effect of pre-intervention performance 

was added to the basic regression model, replacing the two performance covariates on which it 

was based. All 2-way interactions involving racial group, condition, and pre-intervention 

performance were included in the model, as was the 3-way interaction.  

 

In testing the 2-way interaction involving condition and pre-intervention performance among 

African Americans, pre-intervention performance was mean-centered using the sample mean for 

African Americans. To compute the experimental condition effect for low-performing African 

Americans, we added 0.675 standard deviations to the mean-centered pre-intervention 

performance measure of African Americans (S9, S10). Using this pre-intervention performance 

metric in the regression model on African Americans’ data yields a condition main effect 

corresponding to its effect at the 25th percentile of pre-intervention performance (S9, S10). 

Likewise, to compute the experimental effect for high-performing African Americans, we 

subtracted 0.675 standard deviations from the mean-centered pre-intervention performance 
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measure among African Americans. Using this pre-intervention performance metric in the 

regression model on African Americans’ data yields a condition main effect corresponding to its 

effect at the 75th percentile of pre-intervention performance. The resulting analyses test the 

condition effect among African Americans low and high in pre-intervention performance relative 

to their racial group.  

 

Computation of the raw means in Figures 1 and 2 was accomplished by first performing a 

median split on pre-intervention performance separately for African Americans, so that the pre-

intervention performance level (low vs. high) would represent students’ performance relative to 

their racial group. The average GPA for each of these two performance subgroups thus reflects 

GPA at approximately the 25th and 75th percentile of pre-intervention performance. Mean GPA 

was then computed for African Americans’ two pre-intervention performance groupings in each 

condition. Computation of adjusted means was accomplished by conducting separate analyses of 

covariance (ANCOVAs) for each of the two pre-intervention performance groupings among 

African Americans, using the same covariate variables and control variables enumerated in the 

regression model described previously.  

 

Analysis of dosage manipulation. Two orthogonal contrast codes were created to test the dosage 

manipulation (S9). The first tested the effect of dosage, and assigned +1 to the low dose 

treatment condition, -1 to the high dose treatment condition, and 0 to the control condition. The 

second tested the effect of treatment, assigning -2 to the control condition and +1 to each of the 

two affirmation dosage conditions. Dropping the control condition from analyses and simply 

testing the difference between the two dosage conditions yields virtually identical results. 
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Likewise, an ANCOVA on Year 2 GPA, using experimental condition as a three-level factor 

(control, low dose treatment, high dose treatment), yielded a significant racial group x condition 

interaction and a significant effect of condition among African Americans. The follow-up tests 

among this racial group indicated a significant effect of receiving the affirmation treatment, but 

no significant effect of receiving low versus high dosage of it. 

 

Data on remediation and advanced placement in math. Because of low counts, logistic and 

ordinal regressions on these outcomes were simplified to include only experimental condition 

and, where appropriate, students’ racial group and the racial group x condition interaction, as 

well as significant pre-intervention performance covariates. Using the full models, where 7th 

grade team, gender, and cohort are retained, tended to yield stronger results on the remediation 

outcome, and did not change the results on the advanced math placement outcome (see 

Supporting Text for the latter results). The racial group x treatment interaction, and the treatment 

main effect among African Americans, were determined by assessing the change in model fit 

between the full model, that is with the critical effect, and the reduced model, that is without the 

critical effect, using the difference in the likelihood statistics (-2 log likelihoods). 

 

The reported effect of students’ racial group on remediation made use of a simple chi-square 

contingency table, and did not control for prior performance. Controlling for prior performance 

in testing an effect of racial group would be misleading, as it would attenuate the effect of racial 

group by removing from its effect variance attributable to racial differences in prior performance.  
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The condition effect for low-performing African Americans is 5% in the affirmation condition 

vs. 18% in the control condition [∆χ
2
 (1) = 8.98, P = 0.003].   

 

Data from self-perceived adequacy measure. The analysis of the intervention’s effect on African 

American students’ self-perceived adequacy first involved determining students’ level of pre-

intervention performance relative to others in their racial group. This was accomplished by 

performing a median split based on students’ 7th grade pre-intervention performance for each 

racial group, yielding groups of low and high performers in each racial group. The latter measure 

was used for generating these variables, as we were interested in the effect of poor performance 

early in the academic year on self-perceived adequacy at year’s end. A paired t-test testing the 

difference between post-intervention (time 2) perceptions of adequacy and their pre-intervention 

(time 1) perceptions of adequacy was then conducted on low-performing African Americans, 

those benefiting most from the intervention, in each of the two experimental conditions.  

 

Conventional regression and simple slopes analyses were used in the analysis of the relationship 

between 7th grade pre-intervention performance and subsequent adequacy (S9, S10). The 

outcome variable was post-intervention self-perceived adequacy. As in the analyses of 

performance, the regression controlled for wave, teacher team, and gender. The regression also 

controlled for baseline (pre-intervention) perceptions of adequacy. Pre-intervention performance 

was mean-centered on the sample of interest by subtracting the sample mean from each 

participant’s score on pre-intervention performance.  
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In testing the 3-way interaction involving condition, racial group, and pre-intervention 

performance, reported in Endnote #18, the latter was mean-centered using the sample mean for 

European Americans and African Americans combined. The main effect of pre-intervention 7th 

grade performance was included in the model. All 2-way interactions involving racial group, 

condition, and pre-intervention performance were also included in the model, as was the 3-way 

interaction. 

 

In testing the 2-way interaction involving condition and pre-intervention performance among 

African Americans, reported in Endnote #18, pre-intervention performance was mean-centered 

using the sample mean for African Americans. To compute the effect of pre-intervention 

performance for African Americans in the control condition, we used the original dummy-coded 

condition variable, in which the control condition was designated as 0, the affirmation condition 

as +1. To compute the effect of pre-intervention performance for African Americans in the 

affirmation condition, we reversed the values of this variable, such that the control condition was 

assigned a value of +1 and the affirmation condition assigned a value of 0. Using these values in 

the regression model on African Americans’ data yields the coefficient associated with pre-

intervention performance in the control condition and affirmation condition, respectively (S9). 

To compute the experimental condition effect for low-performing African Americans, we added 

0.675 standard deviations to the mean-centered pre-intervention performance measure of African 

Americans (S9, S10). Using this pre-intervention performance metric in the regression model on 

African Americans’ data yields a condition main effect corresponding to its effect at the 25th 

percentile of pre-intervention performance (S9, S10). 
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Eight students provided post-intervention adequacy data but no pre-intervention adequacy data. 

To avoid losing their data, each missing pre-intervention value was replaced with the sample 

mean, and a dummy variable to code whether the value was missing or not was also included in 

the model. As the other baseline variables proved only modestly correlated with the relevant 

predictor, the highest correlation being R = 0.33, P < 0.001, we opted to use this strategy rather 

than using regression-based estimates derived from the other baseline variables for the missing 

values. In fact, results were unaffected when regression-estimated values were used for these 

missing values, or when participants with missing pre-intervention values were simply dropped 

from analyses. 
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Supporting Text 

 

Additional Analyses 

 

Robustness of basic analytic effects when interactions involving pre-intervention performance 

are included in the model. In analyses of average two-year GPA, the overall racial group x 

treatment interaction retains significance of virtually identical magnitude when the 3-way 

interaction with pre-intervention performance is entered in the model. The racial group x 

condition interaction corresponded to 0.35 grade points, t(319) = 3.21, P = 0.001. Additionally, 

the treatment main effect among African Americans corresponded to 0.28 grade points, t(144) = 

3.79, P < .001.  

 

In these analyses, all continuous predictors are mean-centered on the sample being analyzed. All 

binary variables are contrast-coded so as to average to 0, including experimental condition 

(control = -1; affirmation = +1) and student group (European Americans = -1; African 

Americans = +1). Doing so preserves the interpretability of the lower-order main effects and 

interactions (S9, S10). These results indicate that the affirmation effect is sufficiently robust to be 

apparent at average pre-intervention performance levels.  

 

Mediation of Year 2 treatment effects by Year 1 treatment effects. Conventional mediational 

testing (S11) yielded evidence that the treatment’s effect on Year 2 GPA was partially mediated 

by its effect on Year 1 GPA. When entered into the original regression model predicting Year 2 

GPA, Year 1 GPA was highly predictive of Year 2 GPA for all students, even with pre-
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intervention performance controlled [B = 0.64, t(320) = 10.46, P < 0.001]. Additionally, the 

significant racial group x treatment interaction on Year 2 GPA fell from B = 0.39, P = 0.001, to 

B = 0.21, t(320) = 2.01, P = 0.046, when Year 1 GPA was controlled. This represents a 46% 

reduction. Likewise, the treatment effect among African Americans fell from highly significant 

[B = 0.27, P = 0.003] to marginal [B = 0.15, t(143) = 1.88, P = 0.063], a 44% reduction. Sobel 

tests confirmed that the reductions in the interaction and condition effects were both significant 

[Z’s = 2.84 and 2.60, P’s = 0.005 and 0.009, respectively]. This mediational analysis supports the 

notion that the intervention’s short-term effects on performance mediated its longer-term effects.  

 

Of course, this mediational analysis is, like conventional mediational testing procedures in 

psychology, fundamentally correlational. Thus alternative accounts could explain the results. For 

instance, extraneous third variables correlated with the error terms of both the mediator (Year 1 

GPA) and the outcome (Year 2 GPA) could be in play. There may be a number of reasons for 

why those who initially benefit from an intervention subsequently display benefits. As noted by 

recent reports, in the absence of experimental manipulation of the candidate mediator, such 

limitations are inherent in conventional, regression-based mediational testing procedures (S12, 

S13), as are others that may obscure mediation, such as collinearity and suppression effects. In 

order to, at least partially, address the issue of potential third variables being in play, we 

controlled for various baseline measures, including baseline performance, which may affect 

responsiveness to the intervention. Holding these preexisting individual and environmental 

factors constant, the analysis indicates that performing relatively better (or worse) in Year 1 

predicts performing better (or worse) in Year 2, with the former mediating the intervention’s 

effect on the latter. Given some of the drawbacks of non-experimental approaches to mediation, 
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these results regarding the mediational role of short-term performance benefits are suggestive but 

not conclusive.  

 

On the other hand, these results provide relatively strong evidence of the recursive processes that 

we suggest underlie the intervention’s long-term effects when viewed in conjunction with the 

results involving the treatment booster manipulation, the moderating role of prior performance, 

the treatment’s effect on the downward performance trend over time and its weakening of the 

relationship between early poor performance and subsequent outcomes, and the effects on self-

perceived adequacy. The mediating role of short-term performance in long-term performance is 

also grounded in a large body of previous research findings that are consistent with the posited 

mechanism (S14). This research indicates that performance affects performance—that failure, 

especially when persistent and construed negatively, undermines people’s self-efficacy, 

motivation, and performance, and that success often enhances them. Future research that directly 

manipulates mediational variables could shed further light on these processes (S12, S13). 

 

Mediational role of self-perceived adequacy? While higher self-perceived adequacy correlated 

with higher GPA, evidence that it statistically mediated the treatment effect on performance was 

not consistently found. Future research could address this issue more definitively through more 

extensive in-class measurement of mediational states and through targeted experimental 

manipulation of the candidate mediator (S12, S13). It should be noted that a lack of mediation 

would be informative, as it would suggest that the affirmation may have separable effects on a 

variety of educationally relevant psychological and behavioral outcomes. 
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Effects on advanced placement in math. Students could take an advanced math class in both 7th 

and 8th grades. This was the only core course with basic and advanced curricula. Students could 

shift levels in the transition between 7th and 8th grade. Among African Americans in the control 

condition, none raised a level while 6% dropped a level. In contrast, among affirmation-treated 

African Americans, 4% raised a level while only 2% dropped. For European Americans, there 

was no variation by condition, with 6% dropping a level, 1% raising a level. The latter may have 

occurred because a larger number of European Americans than African Americans began 7th 

grade in an advanced math class. Using whether students dropped, remained constant, or gained 

a level in math as an outcome, ordinal regression identified the familiar treatment x racial group 

interaction [∆χ
2
 (1) = 5.05, P = 0.025] and affirmation effect among African Americans [∆χ

2
 (1) 

= 3.93, P = 0.047], with no such effect for European Americans [∆χ
2
 (1) = 0.94, P = 0.332].  

 

Did the treatment booster benefit the Year 2 GPA of affirmation-treated African Americans who 

displayed relatively little treatment benefit in their Year 1 GPA? The answer is no. A multiple 

regression found that the null effect of the treatment booster among African Americans was 

consistent across level of performance in Year 1. That is, when Year 1 GPA and its interaction 

with condition were added to the basic regression model predicting African Americans’ Year 2 

GPA, there was no interaction between the treatment booster contrast code and Year 1 GPA. 

This was the case regardless of whether preintervention performance was included in the model 

or not [| t’s | s < 1.3, P’s > 0.22]. 

 

Use of hierarchical linear modeling (HLM) to determine treatment effect. Our regression 

analyses attended to classroom and cohort effects by using dummy variables. Because 
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randomization occurred at the level of individual student, with each student in each classroom 

randomly assigned to experimental condition, the multiple regression approach is unbiased in its 

estimate of condition effects. It is also possible to attend to classroom level effects through the 

use of HLM to take into account the nesting of students within teacher. Using HLM 6.03, we 

tested a random-intercept model where student-level variables were nested within a combination 

of teacher and wave (S15). Because randomization was at the level of individual student, there 

should be little difference in the results of HLM and multiple regression. This was the case. The 

HLM-estimated parameters for the racial group X treatment interaction and the treatment effect 

for African Americans on overall GPA were very similar to those found with multiple regression 

[racial group x condition interaction: γ = 0.31, t(329) = 3.32, P = 0.001; condition effect for 

African Americans: γ = 0.23, t(152) = 3.39, P = 0.001]. 
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Supporting Figure 
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Fig. S1. Percentage of students placed in remediation by school (assigned to a remedial 
program or held back in their grade), as a function of student group (African American vs. 
European American) and experimental condition.  
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Supporting Table 

 

__________________________________________________________________________ 

Table S1. Summary of Regression Model Predicting Average Two-Year GPA 

__________________________________________________________________________ 

Variable     B  SE    t   

__________________________________________________________________________ 

Student Racial Group -0.08  .09   -0.94  

Student Gender 0.16  .08 2.08*  

Cohort Code 1 -0.10  .06   -1.81
~
 

Cohort Code 2 0.04 .06 0.79  

Year 1 Teacher Code 1 0.15 .10 1.63 

Year 1 Teacher Code 2 0.11  .10 1.19 

Year 2 Teacher Code 1 -0.04  .43 -0.10 

Year 2 Teacher Code 2 -0.12  .43 -0.27 

Year 2 Teacher Code 3 -0.09 .44 -0.21 

Year 2 Teacher Code 4 0.71  .48     1.50 

Pre-Intervention Seventh Grade 

  Performance (Standardized) 0.22 .03 6.72**  

GPA from Previous Year 0.88 .04    21.04** 

Experimental Condition -0.02 .07 -0.22 

Racial Group x Gender -0.14  .09 -1.51 

Gender x Condition -0.13  .09   -1.39 

Racial Group x Condition 0.33 .09  3.59** 

__________________________________________________________________________ 

Note: Student racial group code: 0 = European Americans, 1 = African Americans; student  

gender code: 0 = male, 1 = female; teacher code variables were dummy-coded (0/1) variables 

used to designate participating teams of teachers. 
~
 P = .07 * P < 0.05 ** P < 0.01  

__________________________________________________________________________ 
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