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Linked Course Communities Can Increase Student Success:
Lessons Learned from a Randomized Control Trial

Summary: microCOSM (small Communities Of Science and Mathematics) created linked-course learning
communities for first-year STEM majors that aimed to create a more communal view of STEM in two
ways. First, the hub of each community was a first-year seminar that utilized one or more UN Sustainable
Development Goal to emphasize how STEM can be utilized to address complex social problems. Second,
students took two or more classes together as part of the communities, so that they were able to see
familiar faces in multiple classes during their first semester. Importantly, microCOSM randomly assigned
students to a community or a control group of appropriate but unlinked courses. This rigorous
methodology is testing the impact of linked-course learning communities on student success, eliminating
the selection effects found in previous research.

Broader Impact: Previous research has consistently shown that groups that are underrepresented in
STEM fields (e.g., women, Black and Brown students, people from working-class backgrounds) tend to
hold communal values, goals, and preferences. Therefore, creating a communal culture of STEM can
make STEM fields more compatible with underserved groups. Results from the randomized controlled
trial show that these communities boosted STEM retention into the second semester, especially among
students of color, first-generation students, and underprepared students. If these findings persist
throughout students’ undergraduate years, microCOSM has the potential for broad impacts on the full
participation of women and underrepresented racial minorities in STEM and thus the development of a
globally competitive STEM workforce by creating conditions under which project participants may thrive
as scientists and mathematicians.

Intellectual Merit: While linked-course models have been implemented at various universities, no
previous studies have tested the effectiveness of linked-course communities in a randomized controlled
trial. Therefore, reported effects of similar communities at other universities may be due to selection
biases (i.e., pre-existing differences in which students volunteer to be part of the communities).
MicroCOSM addresses this critical gap by utilizing a strong experimental design to test the impact of
linked-course communities. The third cohort is still in progress, but analyses on the first two cohorts
show increased retention in STEM for students in the communities compared to the control group.
Results from the RCT will be included in a future manuscript, but we did publish a paper showing that, in
a sample of students prior to microCOSM, the degree to which students are connected with one another
by taking classes together is associated with better grades and higher STEM retention (Ramsey et al.,
2023).

Institutional Context: BSU is a medium-sized, public, Master’s comprehensive institution with 8,172
undergraduate students and 1,002 enrolled in the College of Science and Math. Underrepresented
students of color comprise 35% of the College compared to 28% of the university. University-wide, 33%
of students receive Pell Aid (low-income) and 48% of students are first generation (neither parent
attained a 4-year degree).
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Study Design: After completing placement testing, first-year students are divided into two groups:
community members and a control group. Students are assigned to community / control in pairs,
accounting for major, gender, race, income, and whether the student is ready to take the 1% course in
their science or mathematics major. Partial schedules are then built for all students that include
recommendations of specific sections of the first mathematics course needed for the student’s major
and appropriate courses in their major pathway. Students opt into the study by registering for the

recommended courses.

Recommended Course Section Listing

Community Members (Linked Courses)

Control Group (Unlinked Courses)

1. Common First Year Seminar on UN
Sustainable Development Goal in STEM
2. Appropriate Mathematics Course
3. First Course in Major (if ready)
a. Lab Section, if required
b. Small Group (recitation) sections,
if required
4. Public Speaking (if not ready for major)

1. Appropriate Mathematics Course
2. First Course in Major (if ready)
a. Lab Section, if required
b. Small Group (recitation) sections,
if required
3. A general education requirement class (if
not ready)

All members of a given community take a common First Year Seminar. Students in that community with
the same major enroll in the same first course of their major, same lab section, and same small group
section if needed. Students in control groups are recommended specific sections intended to equally

spread students across different classes.

Study Participants: Cohorts ran in Fall 2021, Fall 2022, and Fall 2023. Our first cohort was smaller than
anticipated due to challenges with enrolling students post-pandemic.

First Cohort Second Cohort Third Cohort
(2021) (2022) (2023)
Total Number of First-Year CoSM Students 176 226 218
Number of Students in the Study 76 125 115
Community Group 30 56 51
Control Group 46 69 64
STEM-Ready 46 83 92
STEM-Not-Ready 30 42 23
Additional Students in the College 100 101 103
Did not consent 34 71 70
Did not answer 36 16 18
Not invited 30 14 15
Acceptance Rate into the Study 52% 59% 57%
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Registration and Enroliment Process: A very big part of our study was to randomly assign students into
communities and get them to accept this schedule. Moving forward, we want to make sure that we
achieve equity in the participation rates in the communities of underserved students. We found that first
generation students were substantially more likely to delay placement testing, reducing their ability to
make good schedules. By saving seats for students in the communities, we achieved a population
balance of under-represented students in the communities. In follow-up work, we are planning to study
how to best accomplish this equity goal. Steps in enroliment were as follows.

Students complete placement testing.

Assign students to control or community groups.

Build partial schedules for students that specify exact course sections.

Email all students a welcome email with instructions on how to register, including the

recommended course schedules.

5. Encourage students to watch a video explaining how to register (also briefly describing the goals
of the study): https://youtu.be/JeHsGabRqbs .

6. Follow-up with all students through Academic Achievement Center one-on-one advising

appointments throughout the summer.

PwnNPRE

Class sizes: Important to our study is that our class sizes are relatively small. Introductory mathematics
classes are capped at 25 students. Most intro science courses are capped between 24 and 32 students.
Labs are capped at 16 students, with small group (peer-led recitations) at 8 students.

Data Collected: From institutional data, we acquire self-reported demographic information, grades,
credits earned, major, and academic course history. We request that students complete pre- and post-
semester surveys that measure STEM belonging, self-efficacy, and their understanding of STEM as a
communal or individual exercise.

From the registration history, we construct social network variables. We are interested in how often a
student is in class with another student they have previously been in class with. A study of student
performance for students starting in fall 2015 and fall 2016 (Ramsey et al., 2023, Journal of College
Student Retention) found that two social network variables are interesting:

1. the degree, or the number of different peers a particular student has had class with
2. the total number of repeated connections, which measures the number of times a student had
class again with the same peer added up across all peers.
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Preliminary Results: For the first two cohorts studied in microCOSM, students who participated in the
community were retained at the university into the spring semester and retained within STEM in the
spring semester at higher rates across all groups. We see statistically significant differences in spring
STEM retention for multiple groups, including for traditionally underserved students of color, first-
generation students, and students whose mathematics placement was too low to take the first course in
their major (Not STEM Ready). Community members seemed to earn higher overall grades with a higher
percentage of their credits resulting in A or B grades (Fall AB Rate) and a lower percentage of their
credits resulting in D, F, or W grades (Fall DFW Rate) in the fall semester; these differences did not reach
statistical significance, but they may when the third cohort is added to the dataset.

Spring Spring STEM Fall AB Rate Fall DFW Rate

Retention Retention
Overall
Community 93.9% 91.5% .67(.35) .18(.27)
Control 87.9% 78.5% .59(.35) .25(.35)
Students of Color
Community 97.1% 97.1% .64(.34) .22(.29)
Control 86.0% 67.4% .57(.33) .29(.36)
First Gen Students
Community 96.9% 90.6% .65(.35) .17(.23)
Control 83.0% 67.9% .56(.35) .31(.39)
Low Income Students
Community 92.3% 88.5% .58(.34) .28(.30)
Control 87.9% 69.7% .56(.32) .27(.33)
Not STEM Ready
Community 97.0% 93.9% .61(.33) .20(.25)
Control 87.9% 75.8% .49(.33) .33(.39)
Commuter Students
Community 92.9% 92.9% .77(.33) .14(.30)
Control 85.0% 80.0% .55(.38) .27(.37)
Women
Community 96.9% 93.8% .77(.31) .09(.22)
Control 88.9% 82.2% .66(.31) .20(.31)

Table 1: Student success outcomes in the first two cohorts of microCOSM students, comparing success for students
randomly assigned to community or control group schedules. Statistically significant differences at the p<0.05 level
are marked in bold print. AB Rate and DFW Rate refers to the percentage of credits attempted that resulted in
grades of A or B and D, F, or W. The standard deviation of the grade rates are provided in parentheses.

By placing students in communities, we significantly increased their connections with peers as measured
by the social network variables.

Fall Degree Fall Total Repeated Connections
Community 26.3(8.0) 16.3(8.7)
Control 18.0(5.8) 7.52(5.2)

Table 2: The social network variables Degree and Total Repeated Connections in the fall semesters for the
community and control groups under microCOSM. The differences in both variables are statistically significant at
the p<0.05 level, showing that the creation of linked-course communities increased both the connections (degree)
and number of times a student was in multiple classes with the same peers (total repeated connections).
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Summary from Study of Social Network Analysis: Classroom Connections: A Social Network Analysis of
STEM Students at a Regional University https://doi.org/10.1177/15210251231215787

Visualization of Social Network Analysis of 2015 Students by Race and Gender
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Note. In (a) blue circle = students of color, red circle = White; In (b) blue circle = men, yellow circle =
women.

Logistic Regression Analyses Predicting Overall Graduation

Factor Estimate z-value P-value Odds Ratio
Model1  Standardized TRC 0.529 2.64 0.008* 1.70
Standardized TC 3.23 3.05 0.002* 25.2
Race -0.503 -1.45 0.148 0.605
Gender -1.40 -4.43 <0.001* 0.248
Commuter Status 0.233 0.709 0.478 1.26
First Generation -0884 -2.84 0.004* 0.413
Pell Eligibility -0.637 -1.95 0.052 0.529
Model 2  Standardized MC 0.465 2.12 0.034 * 1.59
Standardized TC 3.88 3.98 <0.001* 48.3
Race -0.494 -1.43 0.152 0.610
Gender -1.34 -4.27 <0.001* 0.262
Commuter Status 0.239 0.73 0.465 1.27
First Generation -0.878 -2.85 0.004* 0.416
Pell Eligibility -0.656 -0.656 0.044* 0.519

Students with a higher number of total repeated connections and total connections were more likely to
graduate as shown in Model 1. Specifically, given other variables fixed, on average, students with one
larger standardized total repeated connection are 1.70 times more likely to graduate. Students with one
larger standardized total connection are 25 times more likely to graduate, all else being equal. Note that
because the standardized total connection variable ranges from 0 to 1, this particular odds ratio is a
comparison between students with the very lowest number of connections and those with the very
highest, hence the greater magnitude of the odds ratio value.

5
Bridgewater State University NSF IUSE: 2020765
www.bridgew.edu


https://doi.org/10.1177/15210251231215787

Linked Course Communities Can Increase Student Success: Laura Ramsey (Iramsey@bridgew.edu)
Lessons Learned from a Randomized Control Trial Thomas Kling (tkling@bridgew.edu)

Model 2 results showed that students with a higher number of maximum repeated connections and
total connections were more likely to graduate. More precisely, if other variables are held constant, on
average, students with one larger standardized maximum repeated connection are 1.59 times more
likely to graduate.

- [ LAT AAA AAAAAA A AAMAATAAAZAA] PEGs’ ‘W u EN
—
e "’_: - o C
—_— — . -
C w. ] i _ . - - - -
-
o (@] - P -~
b= - 7
© . ”
_g © P - re
y ] . re
s ° -
7

O s
= < s
E o 7 < ® Math
Q 7 A CS
> ” = Bio
O N |~ Female

o — - Male

FirstGen
- — NonFirstG.
e ECYYYYYYYW W N/YEEY W ¥ N
o
[ | | [ |
-1 0 1 2 3

= ] AL R TAL A R - BRI EE AR N ——h
a-—“’:"-_‘- —_——
L —_
PRV e -

© _| P -
S o P
O T
-— Pl e
© a4
2 8+ 7y
® o Wi ,/////
O £7,
= < 7 7 * Math
o © T 4 Cs
(0] 7 = Bio
> P Female
O g ] o P:Ai:r!fGen

- = NonFirstG.
— - PellE.
o -— NotPellE.
=l Y01 AL & WoR °N [ § H EHE
o
I | [ [ | I
-1 0 1 2 3 4
Standardized Maximum Connection
6

Bridgewater State University NSF IUSE: 2020765

www.bridgew.edu



: Laura Ramsey (Iramsey@bridgew.edu)

Linked Course Communities Can Increase Student Success

Lessons Learned from a Randomized Control Trial

Thomas Kling (tkling@bridgew.edu)

| sod 4
-
s 3
sayEu IO ANOIE s34
150 01 3pzs niom

d st

d8uiajos wagoad Joj ueyiodu s
yaom dnoid 1ey) ansi|aq nok og

e W Ay

J3153UIBS 1514
ay1 ut pausez sypas)

¥d9 1215335 1514

*SINEWSYIeW pUE 3U3IIS IN0qE SApNINE pue ‘BuiSuojaq
|E1205 ‘uonua1al ‘Y4 uo uonedioiyed Jo Pedw| ayl paissl
uayl apn "2|Npayas paieasd Ajopuel B 1o AJUNWLWoD 25/n0
payul| e Jayna Ul pajedpnJed s1olew SBLWBYIEW pUB 32U31IS
Jesh-1s114 Buiwoou ‘Juawudisse wopues payxnew Suisn

BSIN0I SUONEIIUNWLIO B 10 JofeW SJUSPNYS DY) Ul 3SIN0J 55T AU} JaY33 .
N0 saewayiew aeudoidde uy o

JEUIWRS PRLURYI-DAS NNV
SaPN[3Ul YRy} SIUSPNIS JSISALAS 151}

| qny [BJIU3D 3} 3JE SIBUIWAS BHAS NN

10} SSNIUNLWILIOT 35IN0D Payull

swiy pue ASojopoyia|n Apnis

{$3994 259U+ 2A9] 2M
spap| Buibpbug s,uesg
1529 51110 BujIna) S U0S|IN

sluawudisse |eJo
B Bunum Suipjoyeds
aoueAaal |BI0S
sluawudisse paseq-wesal Jo -dnoid
Bujusea) peseq-Aunbu Jo -2aloid

uo paced siseydw3

juawdojanag asino) g Aynaeq

npa'masplq@Aaswiel| i npa-masplig@Sulpyl [Iewa Jo S|BLI31EW SSB|D 10 SIPO2 YD BY1Y21[D 04Ul IO

spedw sHg ww:m_._UquEDu 03 uonae Juasin el ETOAasS NN

lIe 104 Adlaus Ul2pow g s|qeulelsns ‘NEN__W;“ szmﬁtﬂtm 0} SS=20eaUNSU] (L DAS NN
|| 10§ uCjejIUeS 7 191EM JO HCMEWMNENE a|qeulelsns uwa___ﬂm__m\,m aINsSuz i 99as NN
ainynauBe ajqeulelsns

a10wo.d g uonuInu paacidwi pue AllinJas poo} aAliyoe Y4eBuny pul :Zz oas NN
s38u3||ey2 pldom 3A|0s 0 s|elsajewuoueu SulA|ddy .«
suonejuasaid eI

sysod Bojg .

SE YSNnouyy sajewsse|d J1ay) a3eanpa pue suolin|os udisap
‘Y24353J UBL1 ‘SOAS NN JNOJ JO BUO JIBPISUOD SWED] JUBPNIS ,2Swajqoad
1sadie| s,pl10m Y1 JO BWwos 3A|0s s2150jouyIa] 1S3NUL) YL UED MOH,,

‘JuaWwuoiAUB ay) 1aj0.4d pue
“193em Ue3|d 3pIroid ‘pooy 210w MOIS 0} SN MO||E D|edsoueU By} Je paxyaojun
s3|14adoud [elus1ew anbiun moy J19AGSIP S1USPNIS $A|3Y JBUIWSS SIYL

salSojouydalouep a|qeuleIsnS 66T INIHD

$9111uNod Suowe pue ulym A)jenbaul 93npay 10T 5AS NN
sage ||e e ||e Joj ulag-||am a10woud pue saal| Ayjeay 3insu] i€ 5as NN

yiom uBledwed Jljgnd dnoug pue siaded yoieasal |enpialpu| «
SUOISSNISIP SSB|D) -

S3[0IE IIIUIS pue ‘eIpSW
Jendod ‘saliequawndop 3unsadip ysnoayl 3ing s||pjs Adesall| uolewIoju| -
8pN[aUI 1UBAS SIY1 01 Sulp|ing S31IAIDE 85.N07 (T JBQWada(Q)
Aeq saIv/AIH PlHop 10) udiedwed apim-sndwied e ayeald o} Ajanijeloqe)jod
}JOM SIUBPNIS ‘AlH JO plAom Byl jo Bujpuelsiapun iseq e Sujuies Jayy

‘uoluanaad

aseasip pue juawadeuew AlH Jo s1padse Yijeay anqnd ‘ABcjoiq AIH

UOo SNJ0§ SUOISSNISIQ "AIBIP0S INO U0 AIH 4O J2edW DY) DUILIEXS 0F SIIUBIIS
|epos pue yieay alqnd ‘ABojoiq wou) 5s1da0u02 J1seq sa1el8aiu] Jeuiuwas siyl

BuIyiAiang s1 Buimouy| ‘AlH :66T 1019

“||E 40} UOIIELUES ¥ JO1EM JO JuaWIBeUELW B|qRUIRISNS 13 AIJIE[IBAR 21NSUT 19 TS NN
11 Buiisa) pue

‘waisAs uoiesy|ly Ja1em e 3uip|ing ‘a[eas Joj duluueld .

3|qejieAe Joqe| pue sjelsalew SulAjnuspl «

¢ QUNIPNASRIHUL JUBLIND TUIY2Ieasdy «

= Ag pliom ay) ui sisymawos uolieindod

£ 0] J91EM UB3|D JOAISP 1SNW S1U3pnls ataym asdAjesody alquioz

e SUIAIAING,, Ul S21BUJWIIND JBUIWIIS BYL ,¢318D IM 00 AYM PUB UEIA

UOIELIUES PUE J8]EAA Ul JUBLUBAJOAU| B|EWSS SB0P 1EYM,, PUE , ¢ BJES SI 1B1EM

1BYAA,, 2PNJ2UI JeYL 521dO1 UO S|eunol 3A1331434 dasy pue pead sjuapnis

-eah Jad syleap pOO‘00S 2SNED O} BNUITUOD SISEBSIP aUJOg Jalem ‘sapedap
224y 15ed ay1 ul uoneljues Jarem aaoadwi 01 553208 pauled aaey ajdoad
AuBW BIYAN "SSAU||! BUIOG-I1)BM PUER ‘UDIIENUES J1EM U91EM SUIpUE)SIBpUN
Ag y3eay a1jgnd pue yiom ge| [ediSojolq sa3eISa3Ul JBUILIRS SIYL

WSy Uewny Jiseq v 4918\ UED|D (66T 1019

“JIE 404 340M JUR29p pue JusWAod W aananposd
PUE [|n} ‘YimoIE 31LIOUOID 2|GEUIRISNS PUE AISN|DUI ‘PBUIBISNS 210WOd 18 BAS N
3JaymAIana swoj si||e ul Ausaod pul i1 Bas NN

sjudwWLadx |euoneindwod paping .
SUOISSNDSIP SSB|)  »

MIIABS IMEIDN| Y«

Aq papingd

aue (uonedsides pue ‘AlOuU0I8 ‘Bul3pOW pUE SWRSAS [BIDOS) S3INPOW 334y |
Léeuawouayd pue swaisAs |e1nos a39|dwod SwApnas ul inyasn SuPpolnl
Jeuoneindwo) sj,, :ucnsanb JeWay) |B1JUSI B pUNOCUE J[INg BB S3INPON

3
B

*22135n[ul |e120S pue uolle§a48as se Yons sanss| [e1R120S |B2132 Apnis 01 pasn
9q UEJ SJEWAYIEW MOY JO s3|dWwexa 818J3U0 Y}Im SJUapnis apiaoid o} swie
‘@ansn[ [B120S puk “‘salWeUAp |B120S ‘Bul|3poLU |EJIIEWLYIEW U0 JBUIWISS SIYL

sJlweuAq [e120S 4o} YIBIA 66T HIVIN

*S311UNLIWOD SUIUJES| JO SSAUDAINIBYS 33 JO APN3Is B Jo 1ied 21 SIBUIWSS 3s3Y1 ‘5970707 4SN Agq paroddns ‘syuapnis dnoJs |0.13u00 ueys sapels Jaysiy pue s}pald aiow
pauJea pue ‘AlySiy auow y10MmWEea} pan(ea ‘s9as NN Y3 JO ssaualeme pasealdul pajiodal sieuiwas ayl ul paiedisnied oym sjuapnis ‘Tzog [|e) Ul “s19ad jo dnous [osjuod e

0} SJBUILIAS 3Y3 Ul Sjuapnls Surledwod |11} [0JIUOI PIAZILLOPUE] B WoJ) SisA[eue Aleuiw)|aid ypm Suoje ‘paieys aq ||Im S|eLIdlew 3|dwes pue $ainjonJis asino) swajqoid pliom
-|eal 03 N3 LS Jo uoned||dde ay) pue $s32INs AF LS 03 UOIIEIOGE||0d JO 33ueliodw] 3yl 4O SWI3] Ul 410q ‘SOIBUSYIELW PUE 30USIDS JO MBIA [BUNLUWOI B 49150} 0} pausisap alam
SIBUILIDS U1 "suolejuasad oljgnd pue “Jiom ge| ‘FuilPpow JUBAS[J-A|[BID0S Ul SIU3PNIs padedua sieulwas 3y ‘(soas NN) $|eeo swdolaasq 3|geUleISNS SUCIIEN Pa3IUN Uo
paseg "IAFLS Ul SIUSPNIS Je3A-1S114 JOJ S313UNWWOI BuluJes| payul| Joj gny ay3 SB SAI3S 0] PIIEDID 3J9M SJBUIWIS S1IPAII-331Y1 ‘paseq-Alinbul ‘BAIsUIIUI-SullIM INo4 :10BIISqY

§9/0¢0¢ INA-4SN
Aq pajioddng

.rb(\ b4

LL .
lﬁ@.
: =

GTETO VIN “U21emadplig ‘Alisianiun alels Jaiemasplig

5S211BWIYIBIAl PUE 92UBIDS 10 983]|0] ‘sABojoyahsd ,$a1sAyd ‘AlisiwayD LABo|olg (Sanewayielp Jo sjuawliedaq
JIpUlY BUILIEIN .m>mmrcmm elnel .qm:__v_ d sewoy]
\~m>Mr_u“c_._m._>_ eueliog .mm_..___mD mmm>_< .N__m_u:m_\/_ Jajiuuar ~HMmm:O uousip

Vd( S31IUNWWOY) Sululea] 3s4no) SupjuIT-AILS 404 S3SIN0D)
Y7 Jeulwas Jeap-15414 Ul s|eon uawdo|aAaq ajgeuleisns NN 3yl Suizijian

ALISYIAINA 3LYLS

ALVAIOATIH

: 2020765

NSF IUSE

ty

Iversi

Bridgewater State Un

www.bridgew.edu



Linked Course Communities Can Increase Student Success: Laura Ramsey (Iramsey@bridgew.edu)
Lessons Learned from a Randomized Control Trial Thomas Kling (tkling@bridgew.edu)

Summary of Take-Home Points

e Linked-course communities for first-semester students increased classroom-based peer
connections and STEM retention from fall to spring

e Effective first-semester curricular interventions need to attend closely to equity issues in
the enrollment and registration process (e.g., timing of placement tests)

e A correlational study of student social networks demonstrated that increased classroom-
based peer connections are related to better grades and higher STEM graduation rates

Discussion Questions

e What linked-course learning communities are possible on your campus?
e How else might you increase peer connections in the classroom or via the curriculum?
e How might you use a randomized controlled trial to assess the effectiveness of a
curricular intervention on your campus?
o What challenges could arise?
e For STEM educators, how can you create a more communal culture of STEM at your
institution?
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