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tive artifici jies, especially large language models (LLMs) like ChatGPT,
ionizing i i ition and content producti variety of domains.
have a signi ial to impact participation and content production

We provide i of this, analyzing data from Stack
Overflow and P iti 2021 and March 2023, documenting
ChatGPT’s influence on user activity in the former. We observe significant declines in both website
isits and question volumes at , particularly around topics where ChatGPT excels. By
contrast, activity in Reddit communities shows no evidence of decline, suggesting the importance
of social fabric as a buffer against the community-degrading effects of LLMs. Finally, the decline in

users are p: y

Recent ive artit cil intel Al) especially large language model

(LLMs) such as ChatGPT, have been signil cant. LLMs demonstrate remarkable pro! ciency in tasks that involve

information retrieval and content creation*. Given these capabilties, it is important to consider their potential
" sinth gei in onli i

LLMs may drive both positive and negative impacts on participation and activiy at online knowledge com-
munities. On the positive side, LL ge sharing by providing immediate, relevant responses
o0 user queries, potentially bolstering community engagement by helping users to e# ciently address a wider
range of peer questions. Viewed from this perspective, Gen Al tools may complement and enhance exsting
activities in a community, enabling a greater supply of information. On the negative side, LLMs may replace
online knowledge communities ltogether,

1f the displacement eSect dominates, it would give rise to several serious concerns. First, while LLMs oSer

mation retieval and content creation and have been shown to signi cantly enhance
individual productivity in a variety of writing and coding tasks, they have also been found to hallucinte, i.,
providing on! dently incorrect’responses {o user queries?, and to undermine worker performance on certain
types of tasks®. Second, i individual participation in online communities were to decline, this would imply a
decline in opportunities for all manner of interpersonal interaction, upon which many important activities
depend, e, collaboration, mentorship, job search. Further, o the extent a similar dynamic may emerge within
formal organizations and work contexis, it would raise the prospect of analogous declines in organizational
attachment, peer learning, career advancément and innovation’

With the above in mind, we address two questions i this work. First, we examine the eSects that generative
artit cial intellig , particularly large language models (LLMS), have on individual engagement in online .
knowledge communities. Specil cally, we assess how LLMs inoience user participation and content creation in 5 Share [ Download POF (5 Print [ Join the Discussion  &¥ View in the ACM Digital Library
online knowiedge communities. Second, we explore factors that moderate (amplify or attenuate) the eSects of
LLMs on participation and content creation at on jes. By addressing these relati
we aim to advance our understanding of the role LLMs may play i shaping the future of knowledge sharing and
collaboration online. Further, we seek to provide insights into approaches and strategies that can encourage a
sustainable knowledge sharing dynamic between human users and Al technologies,

W evaluate our questions in the context of ChatGPT's release, in late November of 2022. We start by exam-

ining how the release of ChatGPT impacted Stack Over%w. We show that ChatGPT's release led to a marked ‘“;”;,‘W?:Q"Z Tmagine you are at a crossroads in a complex project and you need quick answers on
decline in web tra# ¢ to Stack Over%w, and a commensurate decline in question posting volumes. We then e Ay N B ) . ol
consider ines i icipation may vary ontexts. Leveraging d ting activity i how to grapple with a problem. It is quite likely that you might turn to an online
in Reddit developer communities over the same period, we highlight a notable contrast: no detectible declines =uagling Knowled ity f hosted b . haps Stack 101145/3624732
in participation. We attribute this diSerence to social fabric; whereas Stock Over%w focuses on pure informa- EhatEaT Eeeke o nowledge community for answers, one hosted by your company, or perhaps Stacl
i , Redit developer s are ized by stronger social bonds. Further, considering It Has Training Data y i se ¢ ities have ¢ ay a centrz i
heterogeneity across topic domains within Stack Overdfw, we show that declines in participation varied greatly Overflow, Quora, or Reddit. These communities have come to play a central role in
ChetGPT St Does ot knowledge exchange, in many corners of the economy and society, but they depend on D
ubstitute for Human
Social Connecti y ici] i j il e Vol. 67 No. 3
Questrom School of Business, Boston University, Boston, MA 02215, USA. “email: gburtch@bu.edu ERISARASCECRS voluntary participation from users just like you and me. it
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Widespread Adoption of LLMs

US98 )+ # &%~ (I-(Yo&-I( | e
QL./$2-//3%*4 (.+5-"(*6(78999( sl ? i ,
:4-+$%&2()*+,-+/;< 50,0
| I"HSHOOR (%0) " HHIHY&™ (H- /S (%)’

"*01"$.2
I "#$%&("N$%*+ e J
I = *$%*01(2-+

I 3-&-#"14$%*0#0'(5$1+ " . E i 2

-- REUTERS®  Worldv Businessv Markets v Sustainability~ Legalv  Breakingviews Technology v Investigations|

World at Work

ChatGPT fever spreads to US workplace,
sounding alarm for some
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LLMs Exhibit

Amazing Capabilities
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When and to What

Extent Does Gen Al
Substitute for Human

Communities?
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Finding 3

ChatGPT rarely makes syntax errors for code answers. The ma-
jority of the code errors are due to applying wrong logic or im-
plementing non-existing or wrong API, Library, or Functions.
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Our Research Questions

To what extent does informatiorseeking (from peers) decline?

Test: changes in web traffic and question posting volumes at online knowledge
communities.

When are those effects largest?

Test: heterogeneity in contributions by topic, user characteristics, and contrasting
social vs. asocial communities.

Are there second-order declines in quality of knowledge sharing?

Test: changes in average net-voting outcomes for Stack Overflow answers.




Study Context
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Effects on Participation: Web Traffic

Stackoverflow Traffic
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Effects on Participation: Web Traffic
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Website Visits

Effects on Participation: Web Traffic

We estimate that, as of March 3%, 2023, StackOverflow.comhad lost ~1 million
daily visits followingChatGPTsrelease (~15% of regular web traffic).

Effect of ChatGPT on StackOverflow Visits (Synthetic Control)
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Effects on Participation: Question Volumes
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Effects on Participation: Question Volumes
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Effects on Participation: Question Volumes

For the top 50 topic tags on Stack Overflow, we observe a systematic decline in
average guestion volumes over time. We see a ~15% decline in daily average
guestion volumes; ~150 fewer questions per toptaveek, on average.

Stack Overflow , Stack Overflow Effect

10

Post Volume

-10

Content Volume Effect and 95% CI

-30 ! -300-
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Week Relative to ChatGPT Release



Heterogeneous Effects: Which Topics?
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Heterogeneous Effects: Which Topics?

-1 * Public Data
-2000 -1500 -1000

___python b
Javascript
reactjs
java

cH

r

o
)
o
o

sql
qutte?r‘
node.js
html

dart
typescript
i css
ango
g
php
mysq|
json
excel
react-native
swift

Community Type

GitHub (5000's)
Reddit (50000's)

c
amazon-web-services
mongodb

docker

linux

laravel

angular

sql-server

.net

_azure

uer

5 vbg

postgresg|

_vue.js

firebase

numpy

. sprin

spring-boo

qga!zgiﬁqillliiﬂililﬁllfllim

-200 -150 -100 -50
Estimated Change in Weekly SO Question Volume

o



Heterogeneous Effects: Which Communities?

! !II#II$
| $9%1(9&"$'%6(&/"9=%+1/"."I-%+/%PIHHBORUBS&%)(10&$*%6(9%
6'(="+##"9=%, +9=0+=$%0%&()/ T+ $%*$.$, (6#$9/%) +#$7 (K&Y6/2+/%+66$+%
+1K%@.$),(7%/(6"18<%
| $9%1(,, $1/%*++%(9%/2$%. (,0#$%()%/2$%6 (B &I BHHROB +-%6) (%
2//6&ROO&O8'S**"&/+/8541 (#

| %&#()$
| $%$&/ H+$%12+9=$8%6"9%6(&/'9=9%.(,0#$8%6"9%/2$& SIS I/ LA DL SHO0S
12$%8&+#$% 7"9*(7%()%/"#$4%$H#6, (-"9=06/2$%&+H#$Y%6"*$9/")" 1+/" (Q% &/ +/$=-
| 12$%"+/"(9+,$%"&%6/2+/% P SI{IRHEIIB'$& Yo+ '$%*(LO#SO/$ %6/ (%8$%#012%
#('$%S&(1"+,5%/2+9%:/+1K % @HY AT KD+, <%ESEMF%:$9=06/+%ESE5H<



https://subredditstats.com/

Heterogeneous Effects: Which Communities?
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Average Effects by Community

Stack Overflow Reddit
Treat 9.244™* 1.830
(2.094) (1.403)
Treat x Post -13.554™** -0.70I
(3.117) (0.596)
Observations 16,100 8,316
R2 Adj. 0.908 0.844
FE: Topic Yes Yes
FE: Year-Week Yes Yes

Notes:(1) +p < 0.1, *p < 0.05, **p < 0.0, ***p < 0.001
(2) Standard errors in parentheses, clustered by topic.
(3) We are able to identify sub-reddits for approximately 50% of topics.

Table S1.

The average effect of ChatGPT’s release on daily, per topic, question-posting volumes at Stack
Overflow and daily per sub-reddit posting volumes at Reddit. We observe a statistically
significant decline in daily question volumes per topic tag, on average, at Stack Overflow. By
contrast, though we observe a negative coefficient in the case of Reddit, the estimate is not
statistically significant. The estimate associated with Stack Overflow suggests an average daily
decline of approximately 14 questions per topic.



Heterogeneous Effects: Which Users?
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Heterogeneous Effects: Which Users?
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Heterogeneous Effects:
Types of Knowledge Sought?
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Question Effects: Types of Knowledge Sought
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Second-Order Effects: Quality of Knowledge
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Second-Order Effects: Quality of Knowledge

Answers posted to
StackOverflow,
conditional on the
guestion being
answered, rise in their
probability of being net
downvoted after
ChatGPTemerges.

(No User FE) (User FE)

Treat 0.035™** 0.015
(0.007) (0.030)
Treat x Post o.o17* -0.005
(0.009) (0.032)
Observations 710,509 710,509
R2 0.846 0.972
FE: Question Yes Yes
FE: Calendar Week Yes Yes
FE: User No Yes

Notes:+p < o.1, *p < 0.05, **p < 0.0, *** p < 0.001
Standard errors in parentbeses, clustered by question.



Second-Order Effects: Quality of Knowledge

Answers posted toStackOverflow, conditional on the question being
answered, rise in their probability of being netlownvoted once
ChatGPTemerges.




Summary & Implications

To what extent do users disengage from knowledge exchange?

Answer: Web traffic and question posting volumes decline markedly at Stack Overflow.

In what scenarios will those effects be largest?

Answer: Effects are largest on popular topics, they don’t manifest on Reddit (social),
and they are mostly driven by ‘younger’ / ‘newer’ users departing.

Are there second-order declines in quality of knowledge sharing?

Answer: Yes. We see a systematic rise in net-down-voting for Stack Overflow answers,
which appears to be driven by a shrinking crowd.




What to Do? Design for Collaboration.
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https://business.adobe.com/blog/basics/a-brief-history-of-ui-and-whats-coming
https://docs.midjourney.com/docs/midjourney-discord
https://docs.midjourney.com/docs/midjourney-discord

What to Do? Target Social Contexts.

"HS%& () *%0)+" +-' /" 0" *%$$12%601+(%)'3-'4$0" 158 +/"'6%78-9'

1"7(,%" 4", SH (AT (B(3T & G)AH(,&I%"F,. 35S/, 3 4"+ (6(3T (4", 2" & 5+
H(66SE(*$./(, &' $6*"$UT" +")(H28BHSHIO&! (H")*+, &H&-$*+ & #//0"#1$2H3EH) 2485'SA&6H#6)' & 14, (#) 24 TH#T2,)2&:
8279,&658#+,$4:7*"#,)8&H#9)8) HE26H6)" 1;"") T 247" ¥ <H=>)"H)"#2T4$3, (HS# A&+ #A>$MH? A4S 1 8H@ W&, THH)4
'8&18&24,(#4$8&2 #O) BADA B & 8247 H@ Y&, THH A HS21 [0HA'S) 2&6HT 2#24$18H@ Y&, TOB"HT92#6$4$ #9>'
9), H3&H*$6EHDYS),$3,8HATH:" & "HO)4>) 2H#4>EHPAS18H@ Y&, THHL T+ 2)A(#) 248 :$18<



https://stackoverflow.blog/2023/07/27/announcing-overflowai/

What to Do? Incentivize Connection.
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https://www.workhuman.com/why-workhuman/case-studies/linkedin-linking-social-recognition-to-retention/

What to Do?
EmbedOpportunities for Connection.
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https://www.mckinsey.com/industries/technology-media-and-telecommunications/our-insights/transforming-the-business-through-social-tools

Thank you.
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