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A Overview of the MORE Experiment

The MORE experiment (Kim et al., 2021b) we use as our case study was a cluster RCT that

investigated the effectiveness of an intervention for promoting content literacy in science and

social studies among first and second grade students. Over a 20 lesson cycle, teachers use

thematic lessons, concept mapping, and interactive read-alouds to enable their students to

build networks of vocabulary knowledge and to transfer this knowledge to argumentative

writing and collaborative research activities. In essence, the theory of change for the in-

tervention is guided by the lexical quality hypothesis, which posits that learners must have

deep knowledge of words (i.e., the word’s spelling, pronunciations, meaning, and connections

to related words) so they can efficiently access those words when generating text for an ar-

gumentative writing task (Perfetti, 2007; Perfetti and Hart, 2002). See Appendix B for the

structure of the experiment and the study materials.

Consistent with the lexical quality hypothesis, Kim et al. (2021b) showed positive treat-

ment effects of this intervention on vocabulary knowledge depth and argumentative writing

in science and social studies. Moreover, students’ vocabulary knowledge depth mediated

the intervention effects on argumentative writing outcomes. We extend these experimental

findings by using machine-based text analytic tools.

A.1 The data

Our initial sample was comprised of 2,787 first and 2,707 second grade students for a total

of 5,494 students in 302 classrooms across 30 different elementary schools. As described in

Kim et al. (2021b), randomization was done using a within-school matched pairs approach;

for each school, either the first grade classrooms or second grade classrooms were assigned

to treatment. Within this sample, a total of 1,537 first graders and 1,349 second graders

received the classroom intervention (i.e., treatment), and the remaining 1,250 first graders

and 1,358 second graders received the typical instruction (i.e., control). At the end of the
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study period, both groups completed an argumentative writing assessment on two topics –

science and social studies – to evaluate students’ knowledge of the elements and structure

of an argument. The assessment consisted of a short source text to present background

information relevant to the topic and an open-ended writing prompt. Both the source text

and prompt varied by grade level and topic. For each topic, students were reminded of the

components of a good argument (it states your opinion, presents your reasons, explains your

thinking, and has a conclusion).

Students’ hand-written responses to each prompt were then transcribed to digital form

and corrected for obvious spelling and punctuation errors by trained research assistants.

Terms that were illegible or indecipherable were transcribed as “XXX”. As noted in Kim

et al. (2021a), this process has been shown to reduce presentation bias in human coding

stemming from poor handwriting skills (Graham et al., 2011) and is intended to help raters

focus on the elements and structure of the argument. Essays were then coded for the pres-

ence and/or strength of a variety of factors (e.g., statement of argument, use of evidence,

conclusion). These component scores were then aggregated to produce a total writing score

ranging from 0 to 7. Each essay was initially scored by two trained human raters, and had

a high degree of inter-rater agreement (κ = 0.98 for science and κ = 0.97 for social studies).

Prior to analysis, any discrepancies between raters were resolved by one of the study authors

to generate a final score. See Kim et al. (2021b) for additional information.

For the analysis in this work, we have a total of 2,746 science essays and 2,548 social

studies essays that were human-scored by the prior work (two essays were dropped due to

being blank). Each essay contained an average of 33.7 words (SD=21.3) and 177.7 characters

(SD=111.2).

A.2 Topline impact analysis

Treatment impacts on students’ writing were estimated using a hierarchical linear model

with fixed effects for each school using cluster robust standard errors, clustered at the teacher
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(classroom) level. In our replication of Kim et al. (2021b), we fit separate models for writing

outcomes in science and social studies, regressing the human-coded essay quality scores in

each domain on an indicator for treatment and other observed covariates. In particular, for

student i with teacher t in grade g of school j we have

Yitgj = αj + βGg + τZgj + γXitgj + ϵitj,

where αj are the school-level fixed effects, β is the difference in average quality scores between

first and second grades, G is an indicator for grade two, τ is our parameter of interest (the

average impact of treatment), Zj is an indicator for treatment assignment, γ is the effect of

baseline pre-test scores from the Measures of Academic Progress (MAP) Growth assessment

using the Rasch Unit (RIT) scale, denoted by Xitj, and ϵitj is our student level within-

classroom residual. Thus the treatment estimate is a weighted average across schools of a

within-school grade-adjusted contrast of students in the treated grade compared to control.

To investigate whether treatment was differentially effective by grade, we also extended

each model to include an interaction term between students’ grade-level and treatment as-

signment. Likelihood ratio tests indicated that these terms did not lead to significant im-

provements over the main effects model for either science or social studies writing. Results

are presented in Table 1.

Table 1: Estimated effects (in effect size units) on average (human-coded) writing quality
scores.

Science Social Studies

(Intercept) 2.14∗∗∗ 1.80∗∗∗

(0.13) (0.11)
Grade 2 −0.65∗∗∗ −0.27∗∗∗

(0.04) (0.05)
Treatment 0.25∗∗∗ 0.44∗∗∗

(0.04) (0.05)
∗∗∗

p < 0.001;
∗∗

p < 0.01;
∗
p < 0.05
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B Participant flow and study materials

Figure 1 shows the participant flow in the RCT study by Kim et al. (2021b). For each of the

argumentative writing assessments administered in the study, students were asked to read

a short passage describing a science or social studies topic and then respond to a writing

prompt related to that topic. The passages and prompts for each subject and grade level

are shown in Figures 2–6. Finally, Figure ?? shows the coding rubric that was used to score

students’ written responses.
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Figure 1: Diagram of participant flow in the RCT content literacy intervention.
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Rainforests   
By   Will   Osborne   and   Mary   Pope   Osborne  

 
People   in   the   Rainforest   

Rainforests   are   one   of   Earth’s   most   valuable   resources.   But   the   rainforests   are   being   destroyed   

very   quickly.   New   babies   are   born   every   day.   There   are   more   and   more   people   living   on   Earth.   

Families   are   cutting   down   huge   numbers   of   trees.   They’re   clearing   land   to   build   roads   so   that   

they   can   travel   from   place   to   place.   They’re   clearing   land   to   build   houses   for   shelter   from   the   wet   

weather.   They’re   also   clearing   land   to   grow   crops   and   raise   cattle   for   their   food.   Half   of   the   

world’s   rainforests   are   now   gone.     

  

Animals   in   the   Rainforest   

The   rainforest   is   home   to   unique   plants   and   animals   that   don’t   live   anywhere   else.   When   a   

rainforest   is   destroyed,   these   plants   and   animals   are   destroyed   with   it.   Some   rainforest   animals   

are   becoming   very   rare.   For   example,   there   were   once   thousands   of   woolly   spider   monkeys.   Now   

there   are   only   a   few   hundred.   This   is   bad   news   for   many   plants,   flowers,   and   fruits   that   need   

spider   monkeys   to   carry   their   seeds   from   place   to   place.   Because   of   the   interdependence   

between   animals   and   plants   in   the   rainforest,   what   hurts   one   organism   could   hurt   many   

organisms.         

  
  

Directions:   Answer   this   question   by   making   an   argument.   Before   you   start,   take   3   minutes   
to    think   about    what   you   want   to   write.     

A   good   argument   means:   

● it   has   your   opinion;   
● it   has   your   reasons;   
● it   explains   your   thinking   using   evidence;   and   
● it   has   a   conclusion.   

  
_______________________________________________________________________________________________   

_______________________________________________________________________________________________ 

_______________________________________________________________________________________________   

Should   people   be   allowed   to   cut   down   trees   in   the   rainforest?     

Figure 2: Passage and prompt for first grade science.
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The   Death   of   Dinosaurs   
  

The   last   dinosaurs   died   out   about   65   million   years   ago.   Scientists   still   do   not   agree   about   why   

this   happened.   There   are   many   theories   among   scientists   about   how   dinosaurs   became   extinct.   

Some   scientists   think   that   dinosaurs   died   out   because   the   temperature   on   Earth   got   too   hot   or   

too   cold   for   them.   Others   believe   that   a   huge   asteroid   from   space   struck   Earth.     

  

An   asteroid   strike   could   have   changed   Earth’s   climate.   Dust   clouds   after   the   strike   blocked   the   

sun’s   heat   and   light   for   months   or   even   years.   The   air   became   colder   and   rainwater   turned   

muddy   and   undrinkable.   Plants   would   have   stopped   growing,   so   herbivores   died   from   not   having   

enough   food.   And   then,   carnivores   could   have   not   hunted   them.     

  

But,   there   is   one   problem   with   this   theory:   Scientists   called   paleontologists   have   not   yet   found   

dinosaur   fossils   or   skeletons   from   the   time   of   asteroid   impact.   Some   evidence   shows   that   all   the   

dinosaurs   had   died   even   before   the   asteroid   hit.   Also,   some   animals   lived   through   the   time   when   

the   dinosaurs   disappeared.   The   ancestors   of   today’s   frogs,   turtles,   lizards,   and   snakes   found   a   

way   to   survive.   Birds   also   survived.   Scientists   do   not   know   why   some   animals   lived   but   the   

dinosaurs   did   not.   

  
  

Directions:   Answer   this   question   by   making   an   argument.   Before   you   start,   take   3   minutes   
to    think   about    what   you   want   to   write.     

A   good   argument   means:   

● it   has   your   opinion;   
● it   has   your   reasons;   
● it   explains   your   thinking   using   evidence;   and   
● it   has   a   conclusion.   

  
_______________________________________________________________________________________________   

_______________________________________________________________________________________________ 

_______________________________________________________________________________________________   

Some   scientists   think   the   dinosaurs   died   out   after   an   asteroid   struck   Earth.   
But,   not   everyone   agrees.   Do   you   think   that   an   asteroid   killed   the   dinosaurs?   

Why   or   why   not?   

Figure 3: Passage and prompt for second grade science.
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Women   Explorers   
  

Amelia   Earhart   

The   airplane   bounced   among   the   clouds.   The   airplane   carried   Amelia   Earhart.   In   1928,   Amelia   

Earhart   became   the   first   woman   to   ride   across   the   Atlantic   Ocean   in   an   airplane.   But   she   was   only   

a   passenger   on   that   first   trip.   Today,   she   was   flying   the   plane.   If   she   made   it,   she   would   become   

the   first   woman   to   ever   pilot   a   plane   across   the   Atlantic   Ocean.   But   first   she   had   to   succeed,   and   

the   trip   was   dangerous.   Airplanes   in   the   1930s   were   small,   and   they   didn’t   have   the   special   

instruments   that   today’s   planes   do.   Amelia   struggled   to   get   control.   After   15   hours   in   the   air,   she   

did   it!   She   crossed   the   Atlantic   Ocean   in   an   airplane   she   flew   herself.   Now,   she   would   be   a   legend.   

However,   while   trying   to   fly   around   the   world   in   1937,   she   disappeared.   

  

Sally   Ride   

Half   a   million   people   cheered   when   the   space   shuttle    Challenger    took   off   in   Florida.   It   was   1983   

and   Sally   Ride   was   on   board   and   headed   into   space.   Sally   Ride   was   the   first   American   woman   in   

space.   And   she   was   the   youngest   American   astronaut,   male   or   female,   at   age   32.   During   their   

time   in   space,   Sally   and   other   scientists   worked   on   40   experiments.   They   tested   many   robots.   

Later,   Sally   wrote   a   book   about   her   space   exploration.   She   wrote   about   how   the   crew   had   to   move   

around   the   ship   by   grabbing   onto   something   on   the   wall   to   keep   from   floating   away.     

  
  

Directions:   Answer   this   question   by   making   an   argument.   Before   you   start,   take   3   minutes   
to    think   about    what   you   want   to   write.     

A   good   argument   means:   

● it   has   your   opinion;   
● it   has   your   reasons;   
● it   explains   your   thinking   using   evidence;   and   
● it   has   a   conclusion.   

  
_______________________________________________________________________________________________   

_______________________________________________________________________________________________ 

_______________________________________________________________________________________________   

  

Both   Amelia   Earhart   and   Sally   Ride   deserve   to   be   celebrated.    
But,   if   you   had   to   pick   just   one   of   these   women   explorers   to   celebrate,   which   

one   would   you   choose   -   Amelia   Earhart   or   Sally   Ride?   Why?   

Figure 4: Passage and prompt for first grade social studies.
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Inventors   
  

Leonardo   da   Vinci     

Leonardo   da   Vinci   was   one   of   the   greatest   artists   and   thinkers   the   world   has   ever   known.   He   was   

also   an   incredible   scientist   and   inventor.   Although   Leonardo   lived   over   500   years   ago,   we   still   

admire   his   genius   today.   Leonardo   wrote   that   his   first   memory   was   when   he   was   a   baby   lying   in   

his   cradle.   He   said   that   a   bird   called   a   kite   swooped   down   on   him,   brushing   its   tail   between   his   

lips.   Leonardo   didn't   seem   sure   whether   this   was   a   dream   or   whether   it   really   happened.   But   he   

claimed   that   it   was   why   he   became   interested   in   birds.   All   of   his   life,   Leonardo   drew   pictures   of   

birds,   especially   of   their   wings.   He   tried   to   figure   out   how   the   wings   worked   so   he   could   build   a   

flying   machine.   He   thought   that   one   day   people   might   be   able   to   fly,   just   like   birds.     

  

Henry   Ford   

As   a   young   boy,   Henry   Ford   had   always   been   fascinated   by   mechanical   devices,   such   as   watches   

and   wind-up   toys.   When   he   was   young,   he   went   to   a   one-room   schoolhouse.   There   he   showed   an   

early   interest   in   practical   jokes.   He   was   also   good   at   solving   math   problems   in   his   head.   But   

Henry’s   greatest   love   was   studying   mechanical   objects.   When   Henry   was   seven,   a   worker   on   the   

family   farm   took   apart   his   watch   to   show   the   boy   how   it   ran.   Henry   immediately   began   to   learn   

everything   he   could   about   watches.   He   made   his   own   tools   from   bits   of   metal   he   found   around   

the   house   and   explored   the   inside   of   any   watch   he   could   find.     

  
  

Directions:   Answer   this   question   by   making   an   argument.   Before   you   start,   take   3   minutes   
to    think   about    what   you   want   to   write.     

A   good   argument   means:   

● it   has   your   opinion;   
● it   has   your   reasons;   
● it   explains   your   thinking   using   evidence;   and   
● it   has   a   conclusion.   

  
_______________________________________________________________________________________________   

_______________________________________________________________________________________________ 

_______________________________________________________________________________________________   

Both   young   Leonardo   da   Vinci   and   Henry   Ford   deserve   to   be   celebrated.    But,   
if   you   had   to   pick   just   one   of   these   young   inventors   to   celebrate,   which   one   

would   you   choose   -   Leonardo   da   Vinci   or   Henry   Ford?   Why?     

Figure 5: Passage and prompt for second grade social studies.
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Overall Holistic Scoring 
 

● Code for the dimensions 
● Derive overall score as a function of the dimension scores (claims, reason, ending, 

clarity/voice)  
 
Criteria of a strong argumentative essay:  
 

1. Claim (0-2 pts.) 
2. Evidence (0-4 pts.) 
3. Ending (0-1 pts.) 
4. Clarity/Voice (0-1 pts.) 
 
Total raw score = _____ / 8 pts. 

 

Figure 6: Coding rubric used to score student responses for holistic essay quality.
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C R package overview

We present a new R package, tada, to implement the methods described in this paper.

Our package provides a flexible and user-friendly toolkit for performing impact analysis in

randomized trials with outcomes generated through human, machine, and/or hybrid scoring

of text data. In particular, we provide functionality for performing feature extraction and

aggregation with text documents, applying supervised and unsupervised machine learning

models for semi-automated text scoring, and estimating model-assisted treatment impacts

with respect to text outcomes under various randomized designs. We also provide tools for

visually representing found impacts on text outcomes. Below, we present a brief overview of

the package and illustrate several of the key functions used in our case study.

Given a set of text documents generated in a randomized trial, we can first compute a

suite of automatically-extracted text features using the command:

feats = tada( text, lex=TRUE, sent=TRUE, preProc=list(uniqueCut=1, cor=0.95))

The tada command builds upon functionality provided by the quanteda pipeline to generate

a rich feature representation for a given collection of documents by applying an array of

linguistic and syntactic indices and available text analysis dictionaries (Benoit et al., 2018).

The preProc argument provides flexibility for conducting various pre-processing steps across

the generated features using existing functions provided by the caret package (Kuhn et al.,

2020). For example, the uniqueCut parameter establishes a cutoff for removing features

with near zero variance (i.e., features for which the percentage of documents with unique

values with unique values is below a specified threshold). Similarly, the cor parameter can

be used to identify and remove highly collinear text features by specifying a cutoff for the

maximum absolute pairwise correlation.

We can then pass the set of generated features, along with a vector of treatment assign-

ments Z, to the textfx command to estimate treatment impacts with respect to each of the

generated features in a manner that preserves a nominal experiment-wise error rate.
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For example, to estimate impacts in a multisite cluster RCT using an outcome model

that adjusts for grade and pre-test scores, we can use the following:

est = textfx( feats, Z, data, adj=c("grade", "pretest"),

design=list(siteID=sch_id, clusterID=t_id),

mcp="fdr"))

In the above, the adj argument specifies an (optional) set variables in data to adjust

for in the outcome model, design contains the site and cluster IDs for each document used

for random assignment, and the mcp argument defines the correction method to be applied

when adjusting for multiple comparisons. The resulting textfx object reports the estimated

treatment effects with respect to each of the text-based outcomes in feats along with the

raw and adjusted p-values and corresponding 95% confidence intervals.

To visualize these results, we can generate an effects plot as follows:

plot.textfx(est, alpha=0.05)

This function provides a visualization of the estimated effects and 95% confidence intervals

for the set of textual features found to differ systematically between treatment and control

groups (see, e.g., Figure 1 in the paper). Here, the α = 0.05 is an optional argument

specifying the threshold for statistical significance. Features with adjusted p-values below

threshold are bolded in the resulting plot.
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