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Abstract
Energy consumption of software applications has emerged as a
critical concern for developers to contemplate in their daily de-
velopment processes. Previous studies have surveyed a limited
number of developers to understand their viewpoints on energy
consumption. We complement these studies by analyzing a meticu-
lously curated dataset of 1,193 Stack Overflow (SO) questions con-
cerning energy consumption. These questions reflect real-world
energy-related challenges practitioners face during development.
To understand practitioners’ perceptions, we investigate the in-
tentions behind these questions, semantic topics, and associated
technologies (e.g., programming languages). Our results reveal that:
(i) the most prevalent energy consumption topic is about balancing
Positioning usage; (ii) efficiently handling data is particularly chal-
lenging, with these questions having the longest response times;
(iii) practitioners primarily ask questions to understand a concept
or API related to energy consumption; and (iv) practitioners are con-
cerned about energy consumption across multiple levels—hardware,
operating systems, and programming languages—during energy
efficient software development. Our findings raise awareness about
energy consumption’s impact on software development. We also
derive actionable implications for energy optimization at different
levels (e.g., optimizing API usage or hardware accesses) during
energy-aware software development.

1 Introduction
Technological advancement has led to increased energy consump-
tion [57]. Particularly, in the era of artificial intelligence, the en-
ergy consumption of Information and Communication Technology
(ICT) is projected to surge by 822.79% from 2001 to 2030, reaching
17959.11 TWh per year [109]. In 2020, ICT accounted for up to 7%
of global electricity use [5] and 2.1% to 3.9% of global greenhouse
gas emissions [41]. By 2030, data centers alone are projected to
consume 10% of the world’s electricity [84].

Software plays a crucial role in ICT energy consumption [106].
Energy-related issues affect every phase of the software lifecycle,
including design, implementation, testing, and maintenance [28].
Energy-efficient software development can enable energy savings,
extend battery life, and enhance user experience [79], helping mit-
igate the growing trend of global electricity consumption. Practi-
tioners now recognize energy efficiency as an important non-trivial
property of software and have demonstrated willingness to learn
about energy issues in software development [63].

A few empirical studies have been conducted to understand prac-
titioners’ perceptions of energy consumption. For instance, prior
studies [63, 79] conduct online surveys with 122 and 464 practition-
ers, respectively, who self-identify as experienced developers and

testers across various application domains. The studies find that
65% of practitioners on Reddit recognize energy usage as a crucial
factor in software quality [79], and many are willing to sacrifice
other requirements to reduce energy consumption [63]. However,
these studies only survey opinions without examining specific barri-
ers practitioners face during their development of energy-efficient
software. The most similar work to ours is by Pinto et al. [83],
who study 325 Stack Overflow (SO) questions from 2008 to 2013
and identify five primary themes of energy-related questions (e.g.,
measurements and code design). With the rapid evolution of tech-
nologies, such as IoT devices, practitioners likely face different
challenges today than a decade ago, making the previous studies
less relevant to current practitioners.

We follow the same methodology outlined in Pinto et al. [83] to
collect energy-related posts. Through keyword search followed by
manual verifications, we curated a dataset of 1,193 energy-related
SO questions, which contains larger and more recent questions
compared to the work by Pinto et al. (325 questions by 2013). In-
spired by recent work on analyzing SO posts [16, 90, 108, 111], we
perform LDA topic modeling instead of thematic analysis to
obtain low-level and actionable semantic topics (e.g., positioning
or data transmission) in these questions. In addition, we investi-
gate new dimensions of these energy-related questions, including
their intentions (e.g., to understand a concept) and the associated
technologies (e.g., an operating system). Furthermore, we analyze
the evolution of these energy-related questions over the years.

We formulate three research questions to guide our study:

• RQ1: What are the topics of the energy-related questions
and their difficulty?
The energy-related questions asked by practitioners on SO are
diverse in nature. To understand the characteristics of SO ques-
tions, we apply topic modeling to analyze their titles and bodies
and group them into topics. We identify eight recurring topics
related to energy issues: Positioning, Computing Resource, Mobile
Device, Sensor Timing, Polling, Datum Handling, Data Transmis-
sion, and Thread. Questions about GPS (e.g., location tracking) are
the most common, while questions about Polling are the most
challenging, requiring the longest time to receive community
responses.

• RQ2: What are the intentions behind energy-efficient de-
velopment questions?
Practitioners have diverse intentionswhen posting energy-related
questions, such as finding the root causes of rising energy con-
sumption. Understanding the intentions provides insights into
the challenges associated with energy consumption in software
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development [3]. We observe that nearly half of the energy-
related questions are mainly concept-oriented, covering back-
ground knowledge of APIs and programming concepts like design
patterns. These questions are frequently accompanied by API
USAGE questions about learning how to use an API. The third
most common intention is DISCREPANCY, where practitioners
struggle to resolve discrepancies between the profiling results
and their expectations regarding energy consumption.

• RQ3: What technologies are concerned in energy-efficient
development?
Energy-related questions span several levels of technologies, in-
cluding operating systems (OS), programming languages (PL),
and hardware (HW), usually identified by tags (e.g., android,
java, and raspberry-pi). We analyze the tags attached to each
SO post to identify the categories of energy-related concerns.
Through our analysis of tag categories, we provide suggestions
for allocating technical support to help practitioners solve energy-
related problems.

This work aims to understand practitioners’ challenges in energy-
aware software development through examining SO questions
where practitioners express their challenges. An SO question carries
information from several mutually complementary perspectives
about practitioners’ challenges: the semantical meaning (topic) of
the question (RQ1), the intentions of the question (RQ2), and the
associated technology (RQ3). Therefore, we organize our research
questions to provide a systematic investigation of energy-related
SO questions. The main contributions of this study include:
• Weprovide a carefully curated dataset of 1,193 SO posts (spanning
from 2008 - 2024) that conveys energy-related concerns, analyzed
using a combination of manual, topic modeling, and LLM-based
efforts. Our public dataset will be a valuable resource for future
research on energy-efficient software development.

• Our approach and empirical findings gain insights on energy-
related SO posts in three dimensions: topics, intentions, and
associated technologies, extending Pinto et al.’s analysis that
focuses only on the topics of 325 posts (from 2008–2013). We also
discuss the potential root causes leading to developers’ questions.

• Our analyses of topics, intentions and associated technological
shifts provide insights on the common types of questions devel-
opers ask (e.g., questions about API usages) and the direction for
support in application level and specialized device contexts.

• We discuss actionable implications for energy optimization at
API-level and low-level OS- and hardware-level energy optimiza-
tions to improve effectiveness in energy-efficient software devel-
opment.
Our dataset and experiment scripts are uploaded as supplemen-

tary materials along with the submission and will be open-sourced.

2 Related Work
2.1 Energy-Efficient Software Development
Cruz and Abreu [32] create a catalog of 22 design patterns for im-
proving mobile app energy efficiency based on analyzing 1,027
Android and 756 iOS apps. They find Android developers are more

aware of energy issues than iOS developers and provide action-
able guidelines for improving energy consumption. Bao et al. [15]
study 468 power management commits from 154 Android apps, cat-
egorizing them into six activities, including power adaptation, con-
sumption improvement, and wake lock optimization. Their findings
highlight how different app categories prioritize different power
management strategies. Moura et al. [70] identify 12 themes in 371
energy-aware commits across 317 applications. They find that de-
velopers struggle to predict the energy impact of code changes and
that energy-saving techniques may compromise other quality at-
tributes. Our work complements these codebase and commit-based
studies by examining the questions developers ask when facing
energy-related challenges, providing insights into the knowledge
gaps that exist in practice.

Pang et al. [79] survey over 100 practitioners and find that 86%
lacked awareness of energy efficiency best practices and could
not identify the causes of high energy consumption. Their study
reveals that practitioners struggle to implement energy-efficient
solutions due to insufficient information, tools, and infrastructure.
Manotas et al. [63] analyze survey responses from 464 experienced
practitioners at major tech companies and find that developers
are willing to sacrifice other requirements to reduce energy usage
but struggle to diagnose energy issues. While these survey-based
studies provide valuable insights, our work complements them by
analyzing real-world questions from Stack Overflow, revealing the
specific challenges practitioners face during actual development.

Pinto et al. [83] analyze 325 Stack Overflow questions from 2008
to 2013 related to energy consumption, finding that such questions
increased yearly and that mobile development accounted for 25%
of the tags. Our work extends this research with a larger dataset
(1,193 questions from 2008 to 2024), providing an updated view
of practitioners’ challenges. Unlike Pinto et al. [83], who focus
primarily on question topics, we analyze posts not only by topics but
also along two additional dimensions (intent-based and technology-
based) to providemore comprehensive insights into energy-efficient
software development challenges.

2.2 Analysis of Developer Forum Posts
Beyer et al. [19] inspect and classify 1,000 Android-related SO
posts into seven intention categories: API Usage, Conceptual,
Discrepancy, Errors, Review, API change, and Learning. They
find API Usage is themost common intention, followed by Discrepancy
and Conceptual. We adopt this classification scheme in our study
but find that for energy-related questions, Conceptual questions
are most common, highlighting the knowledge gap in energy-
efficient development.

Previous studies have explored trends and topics in developer dis-
cussions using both temporal analysis and topicmodeling. Venkatesh
et al. [105] analyze 92,471 discussions about 32 Web APIs from de-
veloper forums, identifying five dominant patterns in how topics
change over time. Their temporal analysis approach inspires our
examination of how energy-related concerns have evolved over the
years. In addition, several studies have applied topic modeling to
analyze Stack Overflow posts: Wan et al. [108] cluster blockchain
discussions; Rosen and Shihab [90] summarize mobile-related ques-
tions; Yang et al. [111] cluster security-related questions; and Barua
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Figure 1: An overview of our experiment design for collecting, filtering, and processing SO posts.

et al. [16] investigate primary discussion topics and trends over time.
Following these approaches, we apply LDA [21], a mature topic
modeling technique, to identify eight recurring topics in energy-
related questions, including Positioning, Computing Resource, and
Datum Handling.

Ourwork uniquely combines these approaches to analyze energy-
related SO posts. We adopt Beyer et al. [19]’s intention classifica-
tion, use LDA for topic modeling like Barua et al. [16], Rosen and
Shihab [90], Wan et al. [108], and analyze energy-related technolo-
gies to provide a multi-dimensional understanding of practitioners’
energy-related concerns. This comprehensive approach reveals in-
sights into the challenges developers face when dealing with energy
efficiency that are not captured in previous studies.

3 Study Design
In this section, we present our data collection, pre-processing, and
analysis steps. Figure 1 shows an overview of our approach.

3.1 Subject Dataset
We download the latest Stack Overflow official data dump1 at the
time of conducting this work, which contains 23,709,404 posts from
January 2008 to December 2024. Figure 2 shows a sample SO post [6].
We extract the following information from each post:
• Title, which summarizes the question being asked or the topic
being discussed;

• View count, showing how many times the post has been viewed;
• Body, containing details of the question or discussion;
• Tags, which are labels that have been assigned to the post accord-
ing to the areas of the question;

• Question score, assigned by users based on its usefulness and
clarity;

• Question creation time, when the question was first posted;
• Comments (to the question), including suggestions (that are not
sufficient to be answers), clarifications, and relevant information
added by other users;

• Comment creation time (of the first comment if it exists), which
indicates how quickly it is to receive initial help to the question;

• Answers, which are the solutions to the question; an answer can
be marked as “accepted” if it is verified to solve the question;

• Answer score (of the accepted answer if it exists), assigned by
users based on its correctness and relevance;

• Answer creation time (of the accepted answer if it exists), which
indicates how quickly the question is solved.

1https://archive.org/details/stackexchange_20241231

Figure 2: An annotated screenshot of a Stack Overflow post.

3.2 Identifying Energy-Related SO Posts
We use a two-phase approach to identify SO posts related to energy
consumption: an automated filtering phase to search keywords re-
lated to energy consumption in the question title and body, followed
by a manual confirmation phase.

We first exclude code snippets from the posts surrounded by
<code></code>html tags, since theymay contain incidental matches
that do not reflect the intent of the questioner. Then, we search
for energy-related keywords using twelve wildcards. The original

https://archive.org/details/stackexchange_20241231
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eight keywords from Pinto et al. are proposed in 2014, whereas
new energy-related keywords may surface over the years. Thus, we
manually inspect statistically significant samples and summarize
four new keywords following the same methodology as outlined in
Pinto et al., resulting in twelve keywords in total: %energy consum%,
%power consum%, %energy efficien%, %power efficien%, %energy
sav%, %power sav%, %energy us%, %power us%, %energy econ%,
%power econ%, %sav% energy%, %sav% power%. The character ‘%’
enables fuzzy matching using the stems of the keywords. This
search yields 2,629 potential posts.

We manually review all 2,629 posts to eliminate false positives—
posts that mention energy-related keywords but do not actually
seek to address energy consumption issues. As an example, the
questioner may mention “Energy Consumption” in the title but
not seek for energy-efficiency solutions [69]. The labelling process
involves two phases:
(1) Two annotators (both Software Engineering PhDs, including the

first author) independently label the first half of the questions,
following a closed coding procedure [92]. The Cohen’s Kappa
score [30] is 0.55 after this step, indicating a moderate level of
agreement. Then, the two annotators discuss the labels of the
first half and achieve consensus for each question, establishing
a common understanding.

(2) The two annotators then independently label the second half of
the questions. The Cohen’s Kappa score is 0.69 for the second
half, indicating a substantial level of agreement. Finally, the two
annotators discuss the labels of the second half and achieve
consensus for each question.

If a conflict persists during discussion, a third annotator (who is a
Software Engineering Professor and also an author of this paper)
steps in to resolve it. This process yields our final dataset of 1,193
posts with 1,478 answers.

3.3 Pre-processing Posts
We pre-process the posts to prepare them for topic modeling, fol-
lowing these steps:
• Title and Body Composition. We combine each post’s title
(which is a succinct description of intention) with its body (which
elaborates the details) to provide complete context for the model.

• Tokenization, Stemming, and Lemmatization. We process
the text using the spaCymodel en_core_web_trf [52, 58], which
tokenizes the text and also performs stemming (reducing words
to their basic form) and lemmatization (normalizing word forms,
such as converting past tense verbs to present tense).

• Stop Words Removal. Not all words contribute significantly to
the overall meaning of the sentence. We remove common stop
words, such as “the”, “of”, “an”, “by”, “is”, and “what”. We also
inspect the top 100 most frequent words in our dataset and filter
out additional stop words that are irrelevant for our study, such
as “like”, “thank”, etc.

• Bag of Words. We create a Bag of Words representation using
Gensim’s doc2bow function [88], which maps each document to
a dictionary from token ids to counts, preserving word frequency
while disregarding syntax and word order.

Table 1: The LDA dominant topics in SO energy-related posts.
Topic Keywords

Positioning energy, battery, location, usage (power,
app, consumption, android, use, application)

Computing Resource cpu, gpu, core (power, consumption,
energy, time, usage, device, code)

Mobile Device power, consumption, android, device,
mode, application save, phone (code, app)

Sensor Timing sensor, app, time, find, run
(power, consumption, use, user, code)

Polling code, use, clock, sleep, module, wake
(power, consumption, mode, device)

Datum Handling memory, kwh, try, datum, image
(energy, power, consumption, time)

Data Transmission file, server, message (energy, device, app,
power, consumption, datum, try)

Thread user, thread (power, code, use, mode,
application, try, consumption, datum)

4 Results and Findings
In this section, we describe the motivation, the approach, and our
findings for each of our three research questions.

4.1 RQ1: What are the topics of the
energy-related issues and their difficulty?

4.1.1 Motivation. The energy-related SO questions raised by prac-
titioners cover diverse topics. Understanding the topics helps un-
cover their predominant concerns. We use topic modeling to cluster
similar energy-related concerns and analyze each topic’s popularity
and difficulty in receiving community support. This provides in-
sights into the challenges developers face when working on energy-
efficient software.

4.1.2 Approach. To discern question patterns, we perform the fol-
lowing steps:
Topic Modeling. To study the most significant concerns regarding
energy consumption, we utilize topic modeling to group the related
posts into a topic. Specifically, we apply Latent Dirichlet Allocation
(LDA) [20] from the Gensim package [88]. LDA is a generative sta-
tistical model that automatically generates common topics based on
the probability of the distribution of discrete words in a corpus, with-
out requiring predefined taxonomies [21, 49]. LDA topic modeling
is widely used in the analysis of SO posts [16, 90, 108, 111]. Instead
of manual coding, we use LDA to uncover latent topic structures
and achieve unbiased and reliable clustering results. LDA generates
topics as collections of keywords with significance percentages. For
example, in the set (0.023*cpu + 0.023*power + 0.016*consumption
+ 0.012*gpu...), “cpu” is the most significant word. Keywords can
appear in multiple topics with different significance levels.

However, LDA requires a hyperparameter of the number of
topics, the optimal number of which is unknown before running
the analysis. We train the model for 100 iterations with varying
numbers of topics (1–100) and using both Jaccard similarity and
topic coherence metrics to determine the optimal number of topics.
For other parameters, such as 𝛼 , 𝛽 , and 𝑝𝑎𝑠𝑠𝑒𝑠 , we follow best
practices suggested by prior work [42, 107].

Jaccard similarity measures the similarity between two adjacent
topics using Equation (1) [1, 47]:
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Table 2: Definitions of the derived energy consumption related topics.
Topic Definition (D) - Quote (Q) Freq

Positioning
D: Questions that seek to improve the efficiency of location updates, reduce GPS-related battery drain,
and balance real-time tracking with energy savings.
Q: “How to energy efficiently track GPS/[...]” [101]

325 (27.2%)

Computing Resource D: Questions that concern about perceiving the use of computing resources and the efficiency of resource allocation.
Q: “Is there a way to use processors/[...] more effectively?” [86] 217 (18.2%)

Mobile Device D: Questions about balancing power states, or device-specific features on mobile devices.
Q: “How to sense phone’s mode/[...] to save power consumption?" [10] 165 (13.8%)

Sensor Timing D: Questions that focus on optimizing the scheduling and continuous operation of sensors within an app.
Q: “Why [...] every second/minute from a service would consume so much power?” [74] 120 (10.1%)

Polling D: Questions about concerns about overhead due to continuously “polling” hardware or software flags.
Q: “How to reduce instruction count/[...] in code/clock sources?” [81] 110 (9.2%)

Datum Handling D: Questions related to storing, selecting, or allocating data efficiently.
Q: “Is it optimized in terms of processing/allocating/sending/storing data [...]?” [60] 97 (8.1%)

Data Transmission D: Questions that revolve around capturing, sending, or synchronizing data or messages between devices.
Q: “How to send data to a server [...] with less energy consumption?” [50] 94 (7.9%)

Thread D: Questions that involve synchronizing states between threads or processes.
Q: “How to manage thread/[...] execution efficiently?” [93] 65 (5.4%)

𝐽 (𝑤𝑖 ,𝑤 𝑗 ) =
(𝑤𝑖 ∩𝑤 𝑗 )
(𝑤𝑖 ∪𝑤 𝑗 )

(1)

where 𝑖 and 𝑗 represent different topics, and𝑤𝑖 and𝑤 𝑗 are sets of
keywords in each topic. A Jaccard similarity of 1 indicates topics
share all keywords, while 0 means they have no common keyword.

We use Jaccard similarity to maximize the topic divergence and
minimize the degree of topic overlap, defined by Equation (2):

𝑆𝑖𝑚(𝐿𝐷𝐴) =𝑚𝑒𝑎𝑛({𝐽 (𝑤𝑖 , 𝑤 𝑗 ) | ∀𝑤𝑖 ,𝑤 𝑗 ∈ 𝐿𝐷𝐴}) (2)

where 𝐿𝐷𝐴 is the computed LDA model,𝑤𝑖 and𝑤 𝑗 represent each
pair of topics in the model.

Topic coherence measures the degree of semantic similarity of
wordswithin each topic [72].We compute topic coherence Coh(LDA,
corpus) using Gensim’s CoherenceModel [91], where LDA is the
LDA model and corpus is the pre-processed texts.

To determine the optimal number of topics, we maximize intra-
topic coherence while minimizing inter-topic similarity, as shown
in the optimization function in Equation (3):

argmax
𝑖

𝑓 (𝑖) = 𝐶𝑜ℎ(𝐿𝐷𝐴(𝑖), 𝑐𝑜𝑟𝑝𝑢𝑠) − 𝑆𝑖𝑚(𝐿𝐷𝐴(𝑖)) (3)

where 𝑖 is the number of topics, 𝐶𝑜ℎ measures topic coherence
between the LDA model with 𝑖 topics and the corpus, and 𝑆𝑖𝑚(𝑖) is
the average topic overlap computed by Equation (2).
Topic Assignment. After performing 100 iterations with 1-100
topics, we determine that the optimal number of topics is 8. To name
the topics, we randomly select 235 posts with accepted answers (at
most 30 from each topic, ensuring a 97% confidence level with a
5% margin of error) and manually summarize the keywords into
a high-level description. The resulting topics, keywords, and our
manually determined descriptive names are shown in Table 1. LDA
assigns topic membership probabilities to each post, indicating how
likely a post belongs to each topic. We assign each post to its most
probable topic. For example, post 61882 [43] has the likelihood of
92% being in topic 7 (Mobile Device), 7.3% being in topic 6 (Polling),
etc., thus it is assigned to topic 7 (Mobile Device).

To further understand energy-related posts, we conduct a sys-
tematic analysis to each LDA topic, specifically: (1) computing

their popularity; and (2) calculating difficulty-related metrics that
represent how difficult it is to receive a satisfactory answer.
Computing Popularity. We measure relative topic popularity
using Equation (4) proposed by Pinto et al. [83]:

P = S + A + C + V (4)

where S is the question score, A is the accepted answer score, C is
the number of comments, and V is the normalized view count. V is
computed using Equation (5):

V =
QuestionViews

TotalViews
(5)

where QuestionViews is the current question’s view count, and
TotalViews is the total view count of all questions in our dataset.

Note that although the original computation of popularity in
Pinto et al. [83] includes the favorization score of questions (i.e.,
how many users favorized the question), this feature is deprecated
on Stack Overflow and has been removed in the latest data dump
we obtain. Thus we exclude it from our computation.

All of S, A, C, and V are normalized using min-max normal-
ization in Equation (6), to mitigate the problem that the different
metrics can have different scales, or one metric dominates the cal-
culation of popularity:

𝑋𝑛𝑜𝑟𝑚 =
𝑥 −𝑚𝑖𝑛(𝑥)

𝑚𝑎𝑥 (𝑥) −𝑚𝑖𝑛(𝑥) (6)

where 𝑥 is the original value, and𝑚𝑖𝑛(𝑥) and𝑚𝑎𝑥 (𝑥) are the mini-
mum and maximum values in our dataset.
Calculating Difficulty-Related Metrics. We calculate a set of
metrics to characterize the level of difficulty of the questions re-
lated to each topic. The difficulty metrics include the proportion
of questions with an accepted answer and without an answers, as
well as the median response time (in hours) for receiving the first
answer and the first comment.

4.1.3 Findings. Wediscern eight topics from the energy-related
questions. Table 2 lists the topics with their definitions, examples,
and popularity. The most frequently discussed topics are Positioning
(27.2% of questions), Computing Resource (18.2%), andMobile Device
(13.8%), followed by Sensor Timing (10.1%), Polling (9.2%), Datum
Handling (8.1%), Data Transmission (7.9%), and Thread (5.4%). The

https://stackoverflow.com/questions/61882
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Table 3: Common energy-consumption topics with cumula-
tive normalized popularity score metric. The bold numbers
highlight the most popular topic in terms of each metric.

Topic P S A C V
Positioning 61.5 26.5 8.2 20.5 6.4

Computing Resource 53.3 19.9 7.5 20.3 5.6
Mobile Device 31.9 13.4 4.5 9.8 4.1
Sensor Timing 22.1 9.4 2.4 8.5 1.8

Polling 21.9 8.5 2.4 8.8 2.2
Datum Handling 23.3 7.7 2.1 10.8 2.7
Data Transmission 17.4 6.7 1.9 7.4 1.3

Thread 13.6 5.7 2.0 4.4 1.5
* P represents the popularity of the question, S is the score of the ques-
tion, A denotes the adopted answer score of the question, and C and V
stand for comments and the normalized number of views, respectively.

Table 4: Common energy-consumption topics with their met-
rics representing difficulties. The bold numbers highlight
the most difficult topic in terms of each metric.

Topic With an
accepted answer

Without an
answer

Receiving an
answer (Hr)

Receiving a
comment (Hr)

Positioning 36.0% 21.8% 2.25 0.32
Computing Resource 39.6% 18.9% 3.42 0.27

Mobile Device 37.6% 20.6% 1.48 0.39
Sensor Timing 38.3% 25.0% 1.75 0.22

Polling 33.6% 26.4% 12.0 0.63
Datum Handling 28.9% 29.9% 9.08 0.46
Data Transmission 37.2% 19.1% 3.12 0.33

Thread 53.8% 23.1% 1.36 0.78
Average 38.1% 23.1% 4.31 0.42

alignment of frequency-based (Table 2) and popularity-based (Ta-
ble 3) rankings shows that the topics with the most questions tend
to accumulate the most engagement (simply counts posts), whereas
popularity considers other metrics, such as views and up-votes, to
capture overall importance.

Questions related to Positioning receive the most atten-
tion from the SO community, because the positioning services
(such as GPS) directly impact battery life while being essential for
many modern applications (e.g., navigation). According to Table 3,
positioning-related questions rank highest in popularity. For in-
stance, positioning services have long been recognized for their sig-
nificant impact on energy consumption [114]. Our manual investi-
gation also reveals the challenges in balancing the need of real-time
position data and energy efficiency, e.g., practitioners ask questions
about managing position update frequencies (post 26336225 [13],
post 29616977 [56]) or time periods (post 23560949 [36]), and using
alternative position tracking sensors to reduce power consumption
(post 43596157 [39], post 10920904 [101]).

ComputingResource is also of high interest to practitioners
due to their critical role in system performance and efficiency. The
increasing complexity of managing computing resources, particu-
larly in cloud computing and virtualization environments, drives
interest in this topic. Practitioners seek to optimize resource uti-
lization to improve overall performance and energy efficiency,
at application level (post 58156084 [86]), framework level (post
53577434 [85]), and hardware level (post 28003660 [110]). There
is also a need to measure or estimate the energy consumption of
computing resources (post 44228005 [68], post 4485153 [38]).

Questions related to Datum Handling are the most chal-
lenging to receive satisfactory answers. Table 4 shows that
Datum Handling questions have the highest non-acceptance ratio
(71.1%) and lowest accepted answer ratio (28.9%), with a median
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Figure 3: Topic Distribution Every 2 Years.

response time of 9.08 hours. In contrast, prior studies show better
metrics for other domains: Rosen and Shihab [90] report a 30% non-
acceptance ratio and 21-minute median response time for mobile
development questions, while Bagherzadeh and Khatchadourian
[12] report a 60.5% non-acceptance ratio and 3.3-hour median re-
sponse time for big data questions. Our analysis of sampled posts
reveals that this difficulty stems from mismatches between de-
velopers’ expectations and the underlying complexities of data
management in energy-sensitive contexts (e.g., post 1738515 [60],
post 23617388 [22], post 54028927 [78], and post 8782922 [29]). The
specialized domain knowledge required, OS-level abstractions, and
lack of universal libraries contribute to higher non-acceptance rates
and longer response times.

Polling questions take the longest time to receive responses.
Table 4 shows that polling-related questions have the longest me-
dian time of 12 hours before receiving an answer. Our manual
analysis reveals that polling typically involves low-level hardware
details such as microcontroller registers (post 50064364 [82]), clocks
(post 27383269 [80]), and ADC sampling (post 53173447 [81]). About
62.1% of answers require in-depth knowledge of specific MCUs or
peripherals, however, only a few community members may have
that expertise. Additionally, broad questions requiring clarification
further delay responses (post 28760898 [104], post 39804144 [65]).
The complexity of polling issues—stemming from low-level hard-
ware interactions, specialized domain knowledge, and lack of standards—
leads to prolonged answer delays, lower acceptance rates, and more
unresolved posts compared to other topics.

Technological concerns shift from hardware limitations
(e.g.,Mobile Device) to data-oriented connective topics (e.g.,
Data Transmission and Datum Handling). As shown in Fig-
ure 3, Data Transmission notably increases from about 5.0% in 2008
to a peak of 17.0% in 2018, and stabilizes at around 10-11%, which
reflects growing concerns and developments in big data, cloud
computing, IoT, and wireless communication technologies. Datum
Handling significantly grows, especially from 2016 onwards, indi-
cating increased attention toward data processing, analytics, and
big data technologies, which peaks at 15.5% in 2022, reflecting the
rapid adoption of data-intensive applications. Positioning remains
consistently significant across all years, indicating its continuous
importance in technology, maintaining around 25-32%. Mobile De-
vice initially dominates but decreases over time, from 25.0% in 2008
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to less than 10% after 2018, reflecting maturity in mobile technolo-
gies or shifting interest towards other emerging technologies.

Pinto et al. identify seven causes of energy-related questions (e.g.,
“faulty GPS behaviour”) [83]. Among them, “unnecessary resource
usage” and “excessive synchronization” are related to our topics
Computing Resource (throttling idle cores) and Thread (avoiding
busy-waits and lock overhead), separately; “faulty GPS behaviour”
and “void polling” can bemapped our topics Positioning (minimizing
GPS on-time or avoiding fine-grained location) and Polling (favoring
interrupt-driven approaches), respectively. Beyond these overlaps,
our study uncovers several new topics (Mobile Device, Sensor Timing,
Datum Handling, and Data Transmission) not emphasized by Pinto
et al., reflecting how the energy-efficient software landscape has
evolved far beyond the CPU and GPS focus of 2013. Our eight topics
not only capture evolving concerns, such as sensor batching and
network I/O trade-offs, but also furnish actionable implications,
such as optimizing Datum Handling at the OS/kernel, hardware,
and data structure levels to directly control resource usage rather
than merely tweaking high-level application code.

Summary:We derive eight common topics using LDA: Positioning,
Computing Resource, Mobile Device, Sensor Timing, Polling, Datum
Handling, and Thread. Our results indicate that questions related to
Positioning are the most prevalent, reflecting practitioners’ strong
interest in optimizing battery performance for location-based ser-
vices. Meanwhile, questions about Polling and Datum Handling
are the most difficult to receive community support due to in-depth
knowledge required. Moreover, our topic evolution analysis reveals
a shift from hardware-centric concerns toward data-oriented top-
ics. Our inspections suggest that providing more context-specific
support (e.g., on how to efficiently handle positioning) could help
practitioners overcome challenges in energy-efficient software de-
velopment; our findings highlight these specific areas.

4.2 RQ2: What are the intentions behind the
energy-efficient development questions?

4.2.1 Motivation. Practitioners seek assistance on Stack Overflow
with various intentions, fromunderstanding concepts to troubleshoot-
ing API usages. The tags associated with the questions usually do
not reveal why questions are asked. By categorizing these inten-
tions across different topics (identified in RQ1), we can uncover
the most common challenges in energy-efficient software develop-
ment and provide deeper insights into practitioners’ challenges and
needs.

4.2.2 Approach. We categorize question intentions based on the
taxonomy proposed by Beyer et al. [19], which includes seven cat-
egories: API USAGE, CONCEPTUAL, DISCREPANCY, ERRORS, REVIEW,
API CHANGE, and LEARNING. We employ three state-of-the-art large
language models to classify question intentions: QwQ-32b (zero-
shot) [100], GPT-4o (zero-shot) [76], andDeepseek-R1 (one-shot) [34].
We follow best practices in prompt engineering [53, 75] and prior
work [40, 59, 102] to optimize model performance, and select zero-
shot/one-shot prompting style based on preliminary experiments.
In our experiments, the scenario where all three LLMs produce
different intents does not occur. We statistically sample a subset
(277 posts, sufficient for covering a 90% confidence level and 5%

Table 5: Number of posts per respective intention category.
Intention Category Definition Example Freq

Conceptual Questions that understand concepts and ask
the limitations of an API and API behavior 30027148 586

(48.6%)

API Usage Questions about how to implement certain
functionality or how to use an API 3412026 441

(37.0%)

Discrepancy Questions related to exception problems that the
observed result is different from the expectation 22339063 272

(22.8%)

Review Questions that ask for the best practice
approaches or ask for help to make decisions 6866236 230

(19.3%)

Errors

Questions about problems of exceptions with
or without code snippets, as well as requiring
help in fixing the error or understanding the
meaning of the exception

60771095 33
(2.8%)

Learning
Questions that ask for documentation or tutorials
to learn a tool or language by their own, without
asking for a specific instruction or solution

63105570 28
(2.3%)

* Posts are visitable at https://stackoverflow.com/questions/{ExampleID}

Table 6: Intents behind each topic.
CONCEPTUAL API USAGE DISCREPANCY REVIEW ERRORS LEARNING

Positioning 50.8% 40.6% 16.9% 23.1% 1.5% 1.5%
Computing Resource 54.4% 27.6% 24.0% 16.1% 1.4% 3.22%
Mobile Device 59.4% 39.4% 8.5% 9.1% 1.8% 3.0%
Sensor Timing 36.7% 43.3% 25.0% 29.2% 3.3% 1.7%
Polling 50.0% 34.5% 30.9% 10.9% 4.5% 1.8%
Datum Handling 43.3% 34.0% 36.1% 22.7% 5.2% 2.1%
Data Transmission 39.4% 34.0% 34.0% 22.3% 5.3% 3.19%
Thread 41.5% 44.6% 30.8% 23.1% 4.6% 3.1%
* Each cell represents the frequency of such intent relative to the total number of posts within the corresponding
topic. The sum of the frequency values can be greater than 100% since one post may have more than one intentions.

interval) and manually verify the LLM-voted results. At least two
LLMs produce the same intent in the majority voting. We compare
the manually labeled intents with LLM-voted results (determined by
the majority) with a Cohen’s Kappa of 0.64, indicating substantial
consensus between human work and LLMs.

4.2.3 Findings. Understanding fundamental concepts of en-
ergy usage is a top priority for many developers, occurring in
nearly half of their energy-related questions. Table 5 lists the
number of questions for each intention category. Understanding
concepts (CONCEPTUAL) is the most common intention, accounting
for 48.6% of questions. This is in stark contrast to the prior work [19]
studying Android development SO questions, where only 26.80% of
the questions pertain to CONCEPTUAL. Through in-depth analyses,
we identify two reasons for this high proportion of conceptual ques-
tions: (1) energy consumption spans diverse hardware and software
platforms, requiring different measurement approaches and tools.
For example, post 66697291 [25] shows that measuring energy con-
sumption of Python scripts requires platform-specific hardware,
software, and APIs; and (2) as confirmed by prior work [63, 79],
developers struggle with fundamental energy concepts, API limi-
tations, and behavior. For example, post 48766582 [115] illustrates
how developers working on battery-powered ARM-based embed-
ded Linux systems face challenges in optimizing power consump-
tion and selecting appropriate kernel APIs.

CONCEPTUAL issues dominate energy-related discussions on
multiple topics, especially for the Mobile Device topic, im-
plying the complexity of balancing power states on mobile
devices. Table 6 shows the intention distribution across topics,
where the Mobile Device topic has the highest proportion (59.4%) of
CONCEPTUAL issues. Our manual analysis reveals three key reasons:
(1) mobile devices use multiple operating systems with different
power-management models, requiring developers to understand
foundational concepts like wake locks and battery monitoring be-
fore implementation (post 724349 [89]); (2) the diverse hardware fea-
tures across devices (e.g., AMOLED screens, custom power-saving
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modes) necessitate understanding how components interact to af-
fect battery life (post 2902382 [45]); and (3) Developers need to grasp
the principles of CPU usage, screen brightness, sensor polling, and
network connectivity to avoid degrading user experience or battery
life (post 38635068 [31]).

Approximately one-third of the energy-related questions
concern API USAGE, reflecting developers’ need for practical
implementation guidance. API USAGE questions account for
37.0% of energy-related SO questions, similar to the 38.8% observed
in Android development SO questions [19]. These questions often
focus on the practices of using certain APIs in energy-efficient
ways, such as post 38158828 [103] and post 9863131 [46] that ask
about location services. As applications for energy-constrained
platforms proliferate, developers increasingly need to optimize
system resources (e.g., CPU, memory, and battery) while navigating
compatibility challenges across diverse APIs.

Thread management is a particularly challenging area,
as evidenced by the high frequency of API USAGE questions
within this topic. Table 6 reveals that Thread-related questions
have the highest proportion (44.6%) of API USAGE issues. Our inves-
tigation identifies three key challenges: (1) threads require precise
control for starting, stopping, and synchronization, with improper
management leading to energy-wasting issues like infinite loops or
race conditions (post 61884014 [93]); (2) efficiently waking threads
from idle states is difficult, as poor timing can cause delays that im-
pact responsiveness (post 51973350 [87]); and (3) developers strug-
gle to choose between continuous event monitoring and periodic
activation (e.g., using alarm services) to balance power consumption
and performance (post 15698999 [11]).

Practitioners face challenges in resolving discrepancies
in energy-aware development. DISCREPANCY issues rank third
(22.8%) among energy-related questions, reflecting the need to trou-
bleshoot energy consumption bugs. In post 42850419 [94], a devel-
oper seeks help resolving unexpected power consumption in their
app and is unsure which components may be relevant to the issue.
Energy-related discrepancies are particularly challenging because
they require understanding complex interactions between system
components and identifying inefficiencies that may not be immedi-
ately apparent. The abstract nature of energy consumption, leading
to fewer resources and solutions available for practitioners to refer
to, further complicates troubleshooting.

Datum Handling-related issues are particularly challeng-
ing in energy-efficient development, reflecting the intricate
nature of efficiently handling data under energy constraints.
We observe that Datum Handling-related questions have the high-
est frequency (36.1%) of discrepancy questions. Our investigation
reveals three key challenges: (1) understanding data allocation’s
impact on power consumption requires deep system-level insights
that many developers lack (post 1738515 [60]); (2) inefficient data
processing patterns (looping, filtering, selecting) can cause un-
expected energy consumption that is difficult to diagnose (post
23617388 [22]); and (3) retrieving data from external systems or
libraries often leads to misalignments between expected and actual
data definitions, causing energy inefficiencies (post 54028927 [78]).
Even minor errors in data processing can significantly impact en-
ergy consumption, making data handling particularly challenging
in energy-constrained environments. This complexity highlights
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Figure 4: Intent Distribution Every 2 Years.

the need for better tools and guidelines to help developers imple-
ment energy-efficient data processing patterns.

Intentions of developing energy-efficient software shift
fromprimarily concerning CONCEPTUAL issues toward address-
ing unexpected results/behavior problems (DISCREPANCY) over
the years, highlighting evolving focus from theoretical explo-
ration to practical unexpected results/behavior-handling in energy-
efficient coding. Pinto et al. identify the theme General Knowl-
edge (18.3% by 2013), which is related to CONCEPTUAL in our study.
As shown in Figure 4, CONCEPTUAL questions have been declining
over the years, which indicates improvements in the availability
and clarity of foundational resources and conceptual documenta-
tion for energy-efficient programming. However, the proportion of
DISCREPANCY issues rises dramatically from 5.0% in 2010 to around
27% by 2024, reflecting a growing demand for actionable guidance
on diagnosing and resolving unexpected results/behavior that im-
pact energy consumption. The Code Design theme in Pinto et al.
(questions about programming techniques that can help in saving
energy) accounts for 16.5% of the posts by 2013; this theme ap-
proximately corresponds to the REVIEW intent in our study, whose
frequency is similar (10.7–17.7%).

Summary: Nearly half of energy-related questions focus on un-
derstanding fundamental concepts, highlighting the complexity of
energy consumption as a cross-cutting concern spanning multiple
components. In particular, conceptual questions are particularly
prevalent for mobile devices (59.4%), where developers struggle with
diverse operating systems, hardware features, and power manage-
ment models. Questions about API usages (37.0%) and discrepancies
(22.8%) are also common, reflecting the need for practical guidance
and troubleshooting resources. Our intent evolution analysis re-
veals a shift from theoretical exploration (CONCEPTUAL) to practical
unexpected results/behavior-handling (DISCREPANCY).

4.3 RQ3: What technologies are concerned in
energy-efficient development?

4.3.1 Motivation. Stack Overflow questions are usually tagged
with their relevant technologies, e.g., operating systems (Linux,
Windows, etc.), programming languages (Java, C, etc.), and hard-
ware components (mobile, server, etc.). Identifying which technolo-
gies are most frequently discussed helps direct technical support
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toward addressing the most prevalent energy-related challenges
faced by practitioners.

4.3.2 Approach. We identify the concerned technologies of SO
questions by analyzing their tags in the following steps:
Merging Synonymous Tags. The same technology may some-
times be described with several semantically similar tags, e.g., “blue-
tooth” and “bluetooth-lowenergy”, which we call synonymous tags.
We merge synonymous tags into a single category, specifically the
lower-frequency tag is merged into the higher-frequency tag (e.g.,
“bluetooth-lowenergy” is merged into “bluetooth”).
Selecting Frequently Occurring Tags. After merging synony-
mous tags, we have 1,008 unique tags occurring 4,803 times in total.
The tags follow a long-tail distribution, where many tags only ap-
pear once or twice in our dataset. To focus on the most important
technologies, we follow the Pareto principle (i.e., 80/20 rule) and
select the top frequently occurring tags that account for at least 80%
of all occurrences. After including tags with the same frequency,
we have 363 tags covering 84.2% of all tag occurrences. We further
inspect remaining tags and decide to focus on the tags related to
software development technologies (77 out of 363), as the remaining
tags are irrelevant or infrequent (many with ≤1% frequency) and
may introduce noises to the analysis.
Grouping Tags. We group the 77 tags into three main categories:
operating systems (OS, 10 tags, e.g., android, ios, and linux), pro-
gramming languages (PL, 23 tags, e.g., java, c, and python), and
hardware (HW , 44 tags). The hardware category is further divided
into subcategories of mobile (e.g., ipad), accessory (e.g., bluetooth),
server (e.g., cloud), embedded (e.g., rasberry-pi), and processing
units (e.g., cpu, gpu, and memory). Among the posts, 325 (27.2%) in-
clude multiple tags that span different categories. We experimented
with making tags unique per post by randomly selecting one of
multiple tags, which led to a frequency shift by only -1.7% to 2.3%
per category from our results. We choose to keep multiple tags, as
they are assigned by SO users in arbitrary orders and there is no
evidence to indicate the importance of tags.
Counting Posts. For each tag, we count the number of posts asso-
ciated with it to determine its prevalence in energy-related discus-
sions with regard to topics (§4.1) and developer intents (§4.2). This
helps us identify which technologies are most frequently concerned
by practitioners in relation to energy consumption.

4.3.3 Findings. OS is the most discussed category of technolo-
gies in energy-related posts. Table 7 lists the technologies and
their corresponding tags, with the numbers of posts belong to each
technology category. OS-related tags appear in 533 posts, more than
HW (415 posts) and PL (357 posts). Note that posts can havemultiple
tags (e.g., post 17134522 [48] has both embedded and Objective-C
tags), the percentages across categories do not sum to 100%.

A higher number of energy-related questions are found
in the context of Mobile OS than PC/server OS. Table 8 shows
the percentage of posts for each specific technology, with Android
(28.1%) and iOS (11.5%) together accounting for nearly 40% of all
posts. Meanwhile, Linux (6.2%), Windows (4.9%), and MacOS (1.3%)
collectively represent only about 12%. This aligns with Bao et al.
[15]’s findings on the complexity of Android power management,
where different app categories require distinct power management
strategies.
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Figure 6: Device Details
Resolving energy-related questions often requires refer-

ring to other knowledge sources via links. Our manual inspec-
tion reveals that over 60% the accepted answers require linking
to external knowledge, such as documentations of APIs and tools,
practical experience, and in-depth knowledge of the underlying con-
cepts (e.g., post 11366329 [27], post 1298600 [24], post 3655806 [77],
post 6051807 [97], and post 6553595 [73]). Meanwhile, 43.0% of
questions can be resolved using internal resources like other users’
solutions, API documentation, software specifications, and debug-
ging (e.g., post 13873570 [99], post 40090627 [35], post 31368757 [98],
post 8100506 [51], and post 11398732 [33]). However, even though
APIs provide specifications and documentation, practitioners still
face challenges in finding and understanding them, reflected in the
fact that 54.0% of accepted answers include links to supplementary
materials to support practitioners better follow and understand
the solution and usage. Additionally, we notice that questions with
respect to PC/server-based systems tend to focus more on mea-
suring and profiling energy consumption rather than managing
hardware complexity (e.g., post 49202065 [62], post 7312597 [66],
post 410122 [61], post 3655806 [77], and post 72711521 [55]).

OS-related energy questions show a declining trend over
time. Figure 5 shows a declining trend in OS-related energy ques-
tions over time2. This likely reflects three developments: (1) cloud
providers now handle energy optimization at the infrastructure
level; and (2) modern OS kernels have integrated sophisticated
power-saving mechanisms like CPU scheduling and dynamic re-
source allocation [9, 67, 96].
2The increasing trend from 2022 to 2024 is mainly due to the small sample size in 2024.
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Table 7: Technology specification.

Tag Category Tag List
OS (533) android, ios (ios, ios7, and ios8), linux, windows, macos, ubuntu, wear-os, contiki

Programming Language (357) java, c, python, c++, swift (swift and swift3), c#, objective-c, sql, php, asp.net,
verilog, node.js, assembly, shell, vhdl, matlab, bash, kotlin, json, jquery, css, javascript

Mobile (22) apple, ipad, mobile, phone, tablet
Accessory (175) usb, battery, accelerometer, beacon, bluetooth, gps, ibeacon, usb, wifi, sensors
Server (7) server, computer, cloud
Embedded (92) embedded, stm32, esp8266, esp32, arduino, pi, raspberry, fpga, xilinx, iot

Central (77) microchip, microcontroller, amd, arm, core, cpu, intel, x86, msr
Graphics (39) gpgpu, gpu, nvidia, cuda

Hardware (415)

Processing Unit (123)
Storage (12) memory

* The number of posts for each tag category or sub-category is listed in parentheses (e.g., OS (533)).
** Since a post may span multiple tag categories, the sum of subcategories does not add up directly (e.g., the number of posts in Processing Unit does not equal to the sum of Central, Graphics, Storage, and Embedded).

Table 8: Distribution of posts related to technologies.
Operating System Programming Language Hardware

Processing UnitTag Android iOS Linux Windows MacOs Java Python C Swift C++ C# SQL Javascript Objective-C Accessory Embedded Mobile Server Central Graphics Storage
Freq 28.1%* 11.5% 6.2% 4.9% 1.3% 5.9% 5.5% 4.9% 4.0% 3.9% 2.5% 1.8% 1.6% 1.4% 14.7% 7.7% 1.8% 0.6% 6.5% 3.3% 1.0%
* The figure indicates the percentage of tag category-related posts (e.g., Android) among all posts.

AmongHW technologies, practitioners aremost concerned
about the energy consumption of accessories (e.g., Bluetooth
or GPS), followed by processing units (e.g., CPU, GPU, or
microchip). Table 8 shows that accessories (14.7%) are the most
discussed hardware components, followed by embedded systems
(7.7%) and CPUs (6.5%). Accessories like Bluetooth and GPS draw
significant attention because they continuously send and receive
signals, consuming substantial energy—a finding consistent with
prior work [14]. Processing units (CPU, GPU, and microchips) also
receive considerable attention, as they are responsible for executing
code and performing calculations. Nowadays, modern processors
have become more energy-efficient through architectural improve-
ments and low-power states like Intel’s SpeedStep and AMD’s
Cool’n’Quiet [4, 54]. Figure 6 reveals interesting trends in hardware
concerns: server and accessory-related questions have decreased
over time, while embedded hardware questions have increased.
Server energy concerns have diminished due to cloudmigration and
mature data center optimizations [17, 64]. Accessory concerns have
decreased as components like Bluetooth and GPS now include ro-
bust power-saving features and established best practices [44]. Con-
versely, embedded hardware questions have surgedwith IoT growth,
increasing microcontroller complexity, and battery-powered device
proliferation [7, 37].

Java is the most concerned single programming language,
and the C family of programming languages adding together
holds a significant part of the practitioners’ concerns. Java is
the most discussed individual programming language (5.9%), likely
due to its use in Android development. However, the C family
of programming languages collectively dominates energy-related
discussions, with C (4.9%), C++ (3.9%), C# (2.5%), and Objective-
C (1.4%) together accounting for 11.3% of programming language
discussions. This reflects the widespread use of C family in hard-
ware, OS development (e.g., Linux kernel), and embedded systems.
Figure 5 shows increasing attention to programming languages in
energy-efficient development. This trend emerges as large-scale
applications (cloud services and machine learning) written in high-
level languages like Java and Python become more prevalent. Even
small code optimizations can yield substantial energy savings when

scaled across thousands of servers [18, 26]. Additionally, as OS-
level power management matures, developers increasingly seek
efficiency gains at the application and language levels [23, 113].

Summary: Our analysis of the technologies concerned in energy-
related posts highlights the need for targeted support in three key
areas: (1) mobile OS energy optimization, where battery constraints
and complex component management create unique challenges;
(2) efficient hardware utilization, particularly for accessories and
embedded systems in IoT applications; and (3) language-specific
optimization techniques, especially as high-level languages become
more prevalent in large-scale applications. The shifting trends sug-
gest that energy optimization focus is moving from system-level to
application-level and specialized device contexts.

5 Implications
Our findings suggest that energy-aware software development
should be addressed and trained in a systematic way: from
hardware devices (e.g., optimizing the usage of energy-intensive
devices such as GPS), to operating systems (the consider-
ations for servers and mobile operating systems), then to
programming languages (the particularity of different lan-
guages’ support for energy-aware development). Below, we
discuss some detailed implications based on our findings.

Minimizing direct usage of hardware accessories when
software-based saving is possible (e.g., by relying on deferred
location APIs, or batching/deferring hardware accesses). §4.1
emphasizes a continuous concern of low-level hardware (Position-
ing), and §4.3 highlights that the majority of questions posed by
practitioners are related to the energy consumption of hardware
accessories, such as Bluetooth and GPS. Specifically, a software
application that frequently makes use of Bluetooth or GPS can
be tuned to activate the hardware accessories only when neces-
sary rather than keeping them on continuously. For example, if
coarse accuracy of position is acceptable, practitioners could call
requestLocationUpdates() in Android’s LocationManager with
a large minimum time interval and NETWORK_PROVIDER (which re-
lies on cell-tower/Wi-Fi rather than GPS) to avoid unnecessary
high-energy GPS fixes (post 3034890 [2]).

https://stackoverflow.com/questions/3034890
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Leveraging platform’s built-in scheduling and power man-
agement APIs to minimize unnecessary background task
wake-ups. As discussed in §4.3, mobile OS like Android have sig-
nificant energy concerns, whereas Java is the most concerned
single PL for Android. We observe that excessive background tasks,
such as tight wakelock loops, frequent sensor listeners, and un-
managed threads, keep CPU and other hardware active, which
rapidly drain the battery. To mitigate this, practitioners could use
AlarmManager instead of a manual wakelock loop to save power
at idle time. For example, tasks can be scheduled with an exact
alarm AlarmManager.setExactAndAllowWhileIdle() that fires
even under the idle mode, allowing the system to sleep fully until
that moment instead of constantly holding CPU awake (e.g., post
10468305 [112]). Besides, practitioners could hold the WakeLock
in persistent fields rather than locals so they can reliably release it
and let CPU return to idle sooner. For example, WakeLock could
be used as a class-level (non-local) field to ensure that the lock is
not garbage-collected immediately (e.g., post 38325958 [8]).

Making optimized usage of built-in API routines, espe-
cially being precautionary of per-element processing pat-
terns. In §4.2, our findings suggest that API USAGE issues remain
consistently significant (∼30%) across all years. We observe that
such issues typically stem from per-element processing patterns
(e.g. nested loops or full-list rebuilds) and by mismanaging asyn-
chronous or lifecycle APIs, which lead to repeated work or busy-
wait loops that spike CPU usage and power draw. For instance, in
Kivy GUI updates (post 66972381 [95]), rather than reconstructing
the full RecycleView dataset on each incoming serial-port mes-
sage, practitioners are suggested to keep a persistent Python list of
messages, append only the new entries to it, and then update the
RecycleView’s data property only when necessary to avoid a full
list rebuild and drastically cutting CPU and power usage.

Pushing data-handling optimizations down to the level
where they can actually control resource usage (e.g., OS/ker-
nel, hardware components, and data structures) rather than
trying to tweak high-level app code. As discussed in §4.1, we no-
tice a technological shift to an emphasis on data-centric topics (e.g.,
DatumHandling). In fact, questions aboutDatumHandling not only
have the highest non-acceptance rates but also a longer median
response time. To address this challenge, practitioners could dy-
namically cache power-gating via dynamic voltage and frequency
scaling—by lowering the supply voltage and clock rate of cache
subarrays and ramping up or powering on the data banks only
when a tag lookup hits—to conserve power on workloads with
sparse cache traffic. For example, post 41749881 [71] suggests that
physically separating the tag and data arrays to keep the tag array
powered at a low voltage/frequency and only power up the data
banks on a cache-hit, thereby saving energy on workloads with
low cache-access intensity.

6 Threats to Validity
Construct Validity. Even though our data cover a wide range
of SO posts, our selection of posts may not be exhaustive. The
automatic keyword filtering may missed some relevant posts, but
manually verifying all posts in the data dump is infeasible. The size
of the data and the linguistic freedom of presentation—different

words present the same meaning—can have a significant impact on
the results. To mitigate these threats, we conduct manual inspection
twice: one is to filter out the false positive posts (matching keywords
but unrelated to energy consumption), and another is to validate
the LDA result and intention categories. The manual inspection is
performed by specialists (two PhD researchers in Software Engi-
neering with over 7 years of experience) following Seaman’s closed
coding procedures [92] (§3.2). While analyzing questions and text
content may provide deeper insights (§4.3), we rely on SO tags as
they are community-curated to reflect the primary technologies
or topics involved. Leveraging tags allows our analysis to remain
consistent and replicable across large datasets. Meanwhile, prior
studies [16, 83] demonstrate that SO tags accurately reflect develop-
ers’ primary technological concerns. To mitigate limitations from
tag-based analysis, we merge synonyms or related tags, thereby cap-
turing broader trends and technology categories comprehensively
to ensure our results represent the underlying data.
Internal Validity. We choose the LDA model as our research
method, whose results may be inaccurate. To mitigate this, the LDA
topics are further validated via manual inspection. Another chal-
lenge arises from employing LLMs to label intents in RQ2. To ensure
that the LLMs robustly generate accurate and contextually relevant
outputs, we follow best practices from previous studies [40, 59, 102]
and engineered prompts [53, 75] and also manually verify the re-
sults are valid. We select the tags of posts to summarize technology
categories with regard to the occurrences of the tags. Nonetheless,
the occurrence may not indicate the true relationship between the
theme of a post and the technologies. To mitigate this, we cover
the most development category-related tags, which increases our
relevance to the study. We utilize LLM voting to infer question
intentions, which might be unreliable if not carefully configured.
To mitigate this, we manually label intents and compare them with
LLM-voted results. The result shows a substantial consensus (Co-
hen’s Kappa of 0.64) between human work and LLMs.
External Validity. Our results apply only to questions interested
in energy usage on SO. It does not include other Q&A websites,
such as Ask Ubuntu, nor does it include the posts asked in other
languages (e.g., French). Although SO is the most popular devel-
opment Q&A website, further investigation could be conducted to
subsume additional sources.

7 Conclusion
In this paper, we conduct an empirical study to investigate how
practitioners on Stack Overflow are concerned about energy con-
sumption. By studying 1,193 energy-related questions, we observe
the following: (1) understanding the energy impact of Positioning
service and Computing Resource used by their programs are of par-
ticular important to practitioners; (2) Polling and Datum Handling
are the most difficult topics to receive community support due to
in-depth knowledge required; (3) most practitioners struggle with
fundamental energy concepts due to complex API documentation
and practical experience required; and (4) practitioners consider
energy-efficient development frommultiple levels—OS,HW , and PL,
where Android, Accessory , and Java are the most concerned tech-
nologies, respectively. Based on our findings, we provide actionable
suggestions for knowledge-sharing communities and practitioners.

https://stackoverflow.com/questions/10468305
https://stackoverflow.com/questions/10468305
https://stackoverflow.com/questions/38325958
https://stackoverflow.com/questions/66972381
https://stackoverflow.com/questions/41749881
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