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【摘要】 本研究以系統開發觀點提出並完成「空汙智警機器人」原型，回應空品教育中「學生看得到數值、卻

難以理解意涵與轉化決策」之學習落差。系統以台中地區 PM2.5 即時資料為輸入，採「資料取得、判斷引擎、

對話／知識回覆、介面與回報」四模組架構，能定時回報地點、時間與濃度，並以閾值規則提供情境化行動建

議；同時支援學習者追問 PM 值定義、形成原因與環境／健康影響，透過結構化回覆建構「數值判讀→概念釐

清→影響掌握→行動推論」的學習閉環。本文並將系統定位為促進學生由空品現象延伸探討減排、再生能源與

儲能之跨域連結。研究亦指出原型仍受限於資料來源代表性、建議語句通用化與知識庫規模，未來可擴充多測

站比對、趨勢視覺化與個人化提醒，以提升教學與實務應用價值。 

【關鍵字】 空汙智警機器人；PM2.5；情境化空品判讀；對話式學習支援；空氣品質 

 

Abstract: This study develops a prototype Air Pollution Intelligent Alert Robot from a system development perspective to 

address a common learning gap in air quality education: learners can access numerical indicators but often struggle to 

interpret their meaning and apply them to everyday decisions. Using real-time PM2.5 data from the Taichung area, the 

system adopts a four-module architecture comprising data acquisition, a decision engine, dialogue/knowledge-based 

responses, and user interface and reporting. It periodically reports location-, time-, and concentration-specific 

information and applies threshold-based rules to generate contextualized action suggestions for outdoor activities and 

protective behaviors. Beyond numerical reporting, the robot supports learners’ on-demand inquiries about PM concepts, 

formation mechanisms, and environmental/health impacts. Through structured dialogue-based responses, the system 

scaffolds a learning loop moving from numerical interpretation and conceptual clarification to impact understanding and 

action-oriented reasoning. The prototype is positioned as an instructional support tool that helps students extend 

discussions from air quality phenomena to broader cross-disciplinary topics such as emission reduction, renewable energy, 

and energy storage. Noted limitations include potential representativeness issues when relying on single-source or single-

site monitoring, the generalized nature of advisory messages, and a relatively small rule-based knowledge base. Future 

enhancements are suggested, including multi-station comparisons, trend visualization, integration of additional air 

quality indicators (e.g., PM10 and O₃), and personalized alerts, to strengthen both instructional effectiveness and real-

world applicability.  

Keywords: Air pollution intelligent alert robot; PM2.5; Contextualized air quality interpretation; Dialogue-based learning 

support; Air quality 

1. 前言 

在日常生活中，民眾經常透過空氣品質資訊評估是否適合外出活動，而「PM 值」即為

常見的空品指標之一，用以反映空氣中懸浮微粒濃度（其中 PM2.5 因粒徑小、風險較受關注）

(Bunds et al., 2019; Engel-Cox et al., 2013)。然而，空品資訊在教學現場常面臨一個落差：學生
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雖能接觸到數值與名詞，卻未必能理解其意義、形成原因與對應的生活決策，導致學習停留

在「知道」而非「會用」(Carpenter, 2013; Hiebert & Lefevre, 2013; Kanari & Millar, 2004; Mandrikas 

et al., 2017)。此一現象若從教育理論觀點加以說明，可視為學習者缺乏可供建構新知的情境

與支援 (Delen et al., 2014; Narayan et al., 2013; Palincsar, 2012; Wang et al., 2009; Zajda, 2021)。

建構主義強調知識並非單向灌輸，而需學習者在既有經驗基礎上透過詮釋與重組逐步形成理

解；若課堂只呈現數值與定義，學習者往往僅能記憶而難以遷移應用 (Kintsch, 2009; Larsen‐

Freeman, 2013; Tan, 2011)。情境學習則指出知識必須嵌入真實情境與任務脈絡，才能促進理

解與使用；若能以「台中在地空汙品質」作為真實素材，讓學生在「今天要不要出門、需不

需要防護」等情境中判讀數據，將有助於把抽象概念轉化為可操作的判斷 (Arvai et al., 2004; 

Bell et al., 2013 ; Creighton, 2006; Jacobson & Archodidou, 2000)。另一方面，探究式學習強調

以問題驅動理解，學習者透過提問、解釋與推論，逐步建立因果關係與系統思考；因此，若

能引導學生追問「PM 值是什麼、為何會有、會造成什麼影響」，並在關鍵處提供鷹架與形成

性回饋，便能降低理解門檻，提升概念內化與應用能力 (Duran & Dökme, 2016; Hsu et al., 2015 ; 

Şimşek & Kabapınar, 2010)。基於上述教學需求，本文以系統開發角度提出「空汙智警機器人」，

將「在地空品資訊」與「對話式概念引導」整合為互動式學習支援服務。空汙智警機器人以

台中地區 PM2.5 即時資料為輸入，提供監測回報與情境化提示（例如在空品較佳時提醒適合

戶外活動），使數據能對應到可理解的行動建議；同時支援學習者追問核心概念並獲得結構

化解釋，形成「數值判讀→提出疑問→概念釐清→行動推論」的學習閉環。本文亦將此系統

定位作為學生能由空品現象切入，延伸思考再生能源與儲能對減排與空污改善的關聯，強化

能源與環境議題的跨域連結與問題意識。 

2. PM2.5 與空氣污染的核心概念與影響 

PM2.5 係指空氣中粒徑小於等於 2.5 微米之細懸浮微粒，因粒徑極小、可長時間懸浮並

隨氣流傳輸，且更容易進入呼吸系統深處，因此常被視為評估空氣污染風險的重要指標 (Feng 

et al., 2016; Pope III et al., 2018)。就來源而言，PM2.5 既可能來自交通與工業排放、燃燒行為

與揚塵等一次排放，也可能由氣態前驅物在大氣中轉化形成二次粒子，使特定季節或氣象條

件下濃度明顯升高 (Behera & Sharma, 2010; Cesari et al., 2018; Hao et al., 2020; Yang et al., 2017)。

此類細粒子除影響能見度、造成霾害外，更與健康負荷高度相關 (Wang et al., 2019; Liu et al., 

2019; Hu et al., 2021)。綜述研究指出，PM2.5 暴露與心肺疾病罹病率與死亡風險上升具一致

性證據，可能機制包含發炎反應、氧化壓力與血管功能失衡等，顯示其危害屬於可累積之公

共衛生風險 (Fann et al., 2012; Guan et al., 2019; Krittanawong et al., 2023)。此外，美國心臟協

會科學聲明亦指出，短期暴露可能觸發心血管事件，長期暴露則提高心血管死亡風險；當污

染濃度下降時，健康結果亦可能在較短時間尺度出現改善，突顯降低暴露與即時風險溝通的

重要性 (Chen et al., 2018; Hayes et al., 2020; Kloog et al., 2013; Schraufnagel et al., 2019)。PNAS 

研究亦以 GEMM 函數推估長期戶外 PM2.5 造成之早逝負荷龐大，且在高濃度地區健康衝

擊更顯著，反映其具區域差異且需長期管理 (Zhang et al., 2019)。綜合上述證據，PM2.5 具有

健康風險明確、暴露具時間敏感性、改善可帶來效益等特徵。因此，若能以「在地即時」方

式呈現空品資訊，並搭配可理解的解釋與行動指引，將更能協助學習者把數據轉化為判斷與

決策能力。基於此，本文後續將以空汙智警機器人之系統需求、架構與互動流程為主軸，探

討如何整合 PM2.5 即時數據與情境化提示及對話式概念釐清，作為空氣品質判讀與環境素

養培育之教學支援工具。 

3. 系統需求與整體架構 

本章聚焦於「空汙智警機器人」的系統規劃，先界定系統需滿足之核心功能需求，以確

保具備在地即時監測、可理解回報與互動能力。接著說明整體系統架構，採模組化與鬆耦合
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設計，讓資料取得、判斷規則、問答知識與介面輸出可獨立維護並利於後續擴充。最後以互

動流程呈現學習者實際操作路徑，從數據取得到建議提示，再到追問式概念解釋，形成完整

的學習支援閉環，如圖 1系統架構圖。 

(1) 功能需求 

「空汙智警機器人」以台中地區空氣品質監測與科普互動為目標，其核心功能需求如下： 

⚫ 取得台中地區即時 PM2.5 值：系統需能即時取得 PM2.5 資料，資料來源可採(1)環境監測

公開資料介接，或(2)部署於場域端之感測器回傳，以確保具備在地化與即時性。 

⚫ 顯示/播報監測資訊：系統需同步呈現（或播報）「地點、時間、PM2.5 數值」，讓學習者

能掌握資料脈絡與更新時間，避免只看數字而不清楚其時空意義。 

⚫ 判斷與建議提示：系統需具備基本判斷邏輯：當 PM 值偏低時，主動提示「今日較適合外

出旅遊或戶外活動」；當 PM 值偏高時，則以一句提醒學習者留意防護與活動安排（例如

降低戶外劇烈活動）。 

⚫ QA 問答支援：系統需提供對話式提問與回覆能力，至少涵蓋三類關鍵問題：「什麼是 PM 

值」、「為何會有 PM 值（來源/形成）」、「會造成何種環境污染與影響」，以支援學習

者即時釐清概念與建立因果理解。 

(2) 系統架構 

為兼顧即時監測、判斷決策與教學互動，本研究將空汙智警機器人系統規劃為四個模組，

並採鬆耦合方式串接，使資料更新、判斷規則與問答內容可獨立維護與擴充。系統先由「資

料取得模組」蒐集台中地區 PM2.5 值，再交由「判斷引擎」依閾值或規則進行空品等級判斷

與建議生成；同時「對話/知識回覆模組」負責處理學習者的概念提問（可採規則式或 LLM 

結合知識庫），最後由「介面與回報模組」統一輸出為文字、語音或視覺化呈現，完成學習

者互動閉環，如圖 2。 

 

圖 1系統架構圖 
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圖 2 PM2.5 系統的圖片教學 

 

圖 3 PM2.5 系統的圖片教學 

(3) 互動流程（用流程敘述） 

空汙智警機器人的互動流程以「即時資料驅動」為主軸，並在回報後提供追問式學習支

援。系統首先進行偵測/取得：透過感測器量測或介接公開資料取得台中地區當下 PM2.5 值；

接著進入回報數值階段，由介面模組輸出地點、時間與 PM2.5 濃度，讓學習者立即掌握空品

現況，如圖 3。其後系統執行判斷 PM 高低：判斷引擎依預設閾值或規則將數值轉為簡要狀

態，並於下一步給建議：若 PM 偏低則提示適合外出旅遊或戶外活動，若偏高則提醒學習者

留意防護與活動調整。最後，學習者可基於回報內容進行追問（例如「PM 值是什麼？」或

「為什麼會有 PM？」），系統由對話/知識回覆模組提供概念解釋與原因說明，完成從「數

值判讀」到「概念理解」的學習閉環。 
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4. 實作與成果 

本研究完成「空汙智警機器人」之原型實作，並以台中地區 PM2.5 即時資料作為系統運

作基礎，驗證其「監測回報、判斷建議、對話解釋」三項核心功能是否能形成完整的互動閉

環。在實作上，系統依前述架構分為四個模組：資料取得模組負責定時抓取台中地區 PM2.5 

數值並附帶時間戳記與地點資訊；判斷引擎依預設閾值進行空品狀態判讀，生成對應之行動

建議；對話/知識回覆模組採規則式問答搭配小型知識庫，能辨識學習者對 PM 概念的三類常

見提問（PM 值定義、形成原因、環境與健康影響），並回覆結構化說明；介面與回報模組則

以文字為主（可延伸語音播報），將「地點、時間、PM2.5 數值、建議語句」整合輸出，提

升資訊可讀性。成果展示以情境化流程驗證為主(如圖 2)：當系統取得 PM2.5 數值後，介面

能即時更新並回報目前台中指定區域的濃度；若判斷為偏低，系統會主動提示「今日較適合

外出旅遊或戶外活動」，並以簡短提醒補充仍需留意個人健康狀況；若數值偏高，則改以「建

議減少戶外劇烈活動並留意防護」作為提示，讓回饋具一致性與安全性。進一步地，學習者

在看到回報後可立即追問「什麼是 PM 值？」系統能回覆 PM2.5 的定義與特性；追問「為

何會有 PM 值？」則說明交通、工業、燃燒與二次生成等來源；詢問「會造成何種污染影響？」

系統可整理能見度下降、霾害與健康風險等重點。整體而言，本原型已達成即時監測到概念

解釋的整合，並具備導入能源課程之可行性，後續可再擴充多測站比較、歷史趨勢視覺化與

個人化提醒，以提升教學與應用價值。 

5. 結論 

本研究以系統開發觀點完成「空汙智警機器人」原型，目標將台中地區 PM2.5 空品資訊

由被動查詢轉化為「可即時回報、可判斷建議、可對話解釋」之互動式學習支援服務。系統

採「資料取得、判斷引擎、對話／知識回覆、介面與回報」四模組：定時擷取台中 PM2.5 數

值並呈現地點與時間以確保在地性與可追溯性；以閾值規則將數值轉譯為行動建議，PM 偏

低時提示適合外出或戶外活動，偏高時提供簡潔防護提醒與活動調整建議，讓數據更易理解

與應用。互動上，除回報數值外，亦支援學習者即時追問「PM 值是什麼、為何產生、造成哪

些影響」，並以結構化回覆串接「數值判讀→成因理解→影響掌握→行動建議」的知識鏈，

以補足空污教育常見的理解落差。教學應用上，可作為能源課程之媒介，從空品監測延伸討

論再生能源與儲能如何降低化石燃料發電需求、減少排放並降低 PM2.5 生成風險，促進能源

與環境的跨域連結。惟本研究以原型驗證為主，仍受限於單一來源／單點監測之代表性、閾

值與語句偏通用且未納入個人差異，以及知識回覆以規則與小型知識庫為主。未來可加入多

測站比對與趨勢視覺化、整合 PM10 與 O₃ 等指標，並發展個人化提醒與課堂任務設計，以

提升教學效益與實務價值。  

致謝 

本論文為國科會計畫編號 NSTC-114-2410-H-025 -004 -之計畫成果，由於國科會的支持，

使本計畫得以順利進行，特此致上感謝之意。 

參考文獻 

Arvai, J. L., Campbell, V. E., Baird, A., & Rivers, L. (2004). Teaching students to make better 

decisions about the environment: Lessons from the decision sciences. The Journal of 

Environmental Education, 36(1), 33-44. https://doi.org/10.3200/JOEE.36.1.33-44 



GCCCE2026 

 1224 

Behera, S. N., & Sharma, M. (2010). Reconstructing primary and secondary components of PM2. 5 

composition for an urban atmosphere. Aerosol Science and Technology, 44(11), 983-992. 

https://doi.org/10.1080/02786826.2010.504245 

Bell, R. L., Maeng, J. L., & Binns, I. C. (2013). Learning in context: Technology integration in a 

teacher preparation program informed by situated learning theory. Journal of Research in 

Science Teaching, 50(3), 348-379. https://doi.org/10.1002/tea.21075 

Bunds, K. S., Casper, J. M., Hipp, J. A., & Koenigstorfer, J. (2019). Recreational walking decisions 

in urban away-from-home environments: The relevance of air quality, noise, traffic, and the 

natural environment. Transportation research part F: traffic psychology and behaviour, 65, 

363-375. https://doi.org/10.1016/j.trf.2019.08.006 

Carpenter, T. P. (2013). Conceptual knowledge as a foundation for procedural knowledge. 

In Conceptual and procedural knowledge (pp. 113-132). Routledge. 

Cesari, D., De Benedetto, G. E., Bonasoni, P., Busetto, M., Dinoi, A., Merico, E., ... & Contini, D. 

(2018). Seasonal variability of PM2. 5 and PM10 composition and sources in an urban 

background site in Southern Italy. Science of The Total Environment, 612, 202-213. 

https://doi.org/10.1016/j.scitotenv.2017.08.230 

Chen, C., Zhu, P., Lan, L., Zhou, L., Liu, R., Sun, Q., ... & Li, T. (2018). Short-term exposures to 

PM2. 5 and cause-specific mortality of cardiovascular health in China. Environmental 

Research, 161, 188-194. https://doi.org/10.1016/j.envres.2017.10.046 

Creighton, T. B. (2006). Schools and data: The educator′ s guide for using data to improve decision 

making. Corwin Press. 

Delen, E., Liew, J., & Willson, V. (2014). Effects of interactivity and instructional scaffolding on 

learning: Self-regulation in online video-based environments. Computers & Education, 78, 

312-320. https://doi.org/10.1016/j.compedu.2014.06.018 

Duran, M., & Dökme, I. (2016). The effect of the inquiry-based learning approach on student's 

critical-thinking skills. Eurasia Journal of Mathematics Science and Technology 

Education, 12(12). https://doi.org/10.12973/eurasia.2016.02311a 

Engel-Cox, J., Oanh, N. T. K., van Donkelaar, A., Martin, R. V., & Zell, E. (2013). Toward the next 

generation of air quality monitoring: particulate matter. Atmospheric Environment, 80, 584-590. 

https://doi.org/10.1016/j.atmosenv.2013.08.016 

Fann, N., Baker, K. R., & Fulcher, C. M. (2012). Characterizing the PM2. 5-related health benefits 

of emission reductions for 17 industrial, area and mobile emission sectors across the 

US. Environment international, 49, 141-151. https://doi.org/10.1016/j.envint.2012.08.017 

Fann, N., Lamson, A. D., Anenberg, S. C., Wesson, K., Risley, D., & Hubbell, B. J. (2012). 

Estimating the national public health burden associated with exposure to ambient PM2. 5 and 

ozone. Risk Analysis: An International Journal, 32(1), 81-95. https://doi.org/10.1111/j.1539-

6924.2011.01630.x 

Feng, S., Gao, D., Liao, F., Zhou, F., & Wang, X. (2016). The health effects of ambient PM2. 5 and 

potential mechanisms. Ecotoxicology and environmental safety, 128, 67-74. 

https://doi.org/10.1016/j.ecoenv.2016.01.030 

Guan, L., Geng, X., Stone, C., Cosky, E. E., Ji, Y., Du, H., ... & Ding, Y. (2019). PM2. 5 exposure 

induces systemic inflammation and oxidative stress in an intracranial atherosclerosis rat 

model. Environmental toxicology, 34(4), 530-538. https://doi.org/10.1002/tox.22707 

Hao, Y., Meng, X., Yu, X., Lei, M., Li, W., Yang, W., ... & Xie, S. (2020). Quantification of primary 

and secondary sources to PM2. 5 using an improved source regional apportionment method in 



GCCCE2026 

 1225 

an industrial city, China. Science of the Total Environment, 706, Article 135715. 

https://doi.org/10.1016/j.scitotenv.2019.135715 

Hayes, R. B., Lim, C., Zhang, Y., Cromar, K., Shao, Y., Reynolds, H. R., ... & Thurston, G. D. (2020). 

PM2. 5 air pollution and cause-specific cardiovascular disease mortality. International journal 

of epidemiology, 49(1), 25-35. https://doi.org/10.1093/ije/dyz114 

Hiebert, J., & Lefevre, P. (2013). Conceptual and procedural knowledge in mathematics: An 

introductory analysis. In Conceptual and procedural knowledge (pp. 1-27). Routledge. 

Hsu, Y. S., Lai, T. L., & Hsu, W. H. (2015). A design model of distributed scaffolding for inquiry-

based learning. Research in Science Education, 45(2), 241-273. 

https://doi.org/10.1007/s11165-014-9421-2 

Hu, S., Zhao, G., Tan, T., Li, C., Zong, T., Xu, N., ... & Hu, M. (2021). Current challenges of 

improving visibility due to increasing nitrate fraction in PM2. 5 during the haze days in Beijing, 

China. Environmental Pollution, 290, Article 118032. 

https://doi.org/10.1016/j.envpol.2021.118032 

Jacobson, M. J., & Archodidou, A. (2000). The design of hypermedia tools for learning: Fostering 

conceptual change and transfer of complex scientific knowledge. The Journal of the Learning 

Sciences, 9(2), 145-199. https://doi.org/10.1207/s15327809jls0902_2 

Kanari, Z., & Millar, R. (2004). Reasoning from data: How students collect and interpret data in 

science investigations. Journal of research in science teaching, 41(7), 748-769. 

https://doi.org/10.1002/tea.20020 

Kintsch, W. (2009). Learning and constructivism. In Constructivist instruction (pp. 235-253). 

Routledge. 

Kloog, I., Ridgway, B., Koutrakis, P., Coull, B. A., & Schwartz, J. D. (2013). Long-and short-term 

exposure to PM2. 5 and mortality: using novel exposure models. Epidemiology, 24(4), 555-561. 

https://doi.org/10.1097/EDE.0b013e318294beaa 

Krittanawong, C., Qadeer, Y. K., Hayes, R. B., Wang, Z., Thurston, G. D., Virani, S., & Lavie, C. J. 

(2023). PM2. 5 and cardiovascular diseases: State-of-the-Art review. International Journal of 

Cardiology Cardiovascular Risk and Prevention, 19, Article 200217. 

https://doi.org/10.1016/j.ijcrp.2023.200217 

Krittanawong, C., Qadeer, Y. K., Hayes, R. B., Wang, Z., Virani, S., Thurston, G. D., & Lavie, C. J. 

(2023). PM2. 5 and cardiovascular health risks. Current problems in cardiology, 48(6), Article 

101670. https://doi.org/10.1016/j.cpcardiol.2023.101670 

Larsen‐Freeman, D. (2013). Transfer of learning transformed. Language learning, 63, 107-129. 

https://doi.org/10.1111/j.1467-9922.2012.00740.x 

Liu, F., Tan, Q., Jiang, X., Yang, F., & Jiang, W. (2019). Effects of relative humidity and PM2. 5 

chemical compositions on visibility impairment in Chengdu, China. Journal of Environmental 

Sciences, 86, 15-23. https://doi.org/10.1016/j.jes.2019.05.004 

Mandrikas, A., Stavrou, D., & Skordoulis, C. (2017). Teaching air pollution in an authentic 

context. Journal of Science Education and Technology, 26(2), 238-251. 

https://doi.org/10.1007/s10956-016-9675-8 

Narayan, R., Rodriguez, C., Araujo, J., Shaqlaih, A., & Moss, G. (2013). Constructivism—

Constructivist learning theory. 

Palincsar, A. S. (2012). Social constructivist perspectives on teaching and learning. An introduction 

to Vygotsky, 290-319. 



GCCCE2026 

 1226 

Pope III, C. A., Ezzati, M., Cannon, J. B., Allen, R. T., Jerrett, M., & Burnett, R. T. (2018). Mortality 

risk and PM2. 5 air pollution in the USA: an analysis of a national prospective cohort. Air 

Quality, Atmosphere & Health, 11(3), 245-252. https://doi.org/10.1007/s11869-017-0535-3 

Schraufnagel, D. E., Balmes, J. R., De Matteis, S., Hoffman, B., Kim, W. J., Perez-Padilla, R., ... & 

Wuebbles, D. J. (2019). Health benefits of air pollution reduction. Annals of the American 

Thoracic Society, 16(12), 1478-1487. https://doi.org/10.1513/AnnalsATS.201907-538CME     

Şimşek, P., & Kabapınar, F. (2010). The effects of inquiry-based learning on elementary students’ 

conceptual understanding of matter, scientific process skills and science attitudes. Procedia-

Social and Behavioral Sciences, 2(2), 1190-1194. https://doi.org/10.1016/j.sbspro.2010.03.170 

Tan, P. L. (2011). Towards a culturally sensitive and deeper understanding of “rote learning” and 

memorisation of adult learners. Journal of studies in international education, 15(2), 124-145. 

https://doi.org/10.1177/1028315309357940 

Wang, Q., Woo, H. L., & Zhao, J. (2009). Investigating critical thinking and knowledge construction 

in an interactive learning environment. Interactive learning environments, 17(1), 95-104. 

https://doi.org/10.1080/10494820701706320 

Wang, X., Zhang, R., & Yu, W. (2019). The effects of PM2. 5 concentrations and relative humidity 

on atmospheric visibility in Beijing. Journal of Geophysical Research: Atmospheres, 124(4), 

2235-2259. https://doi.org/10.1029/2018JD029269 

Yang, Q., Yuan, Q., Li, T., Shen, H., & Zhang, L. (2017). The relationships between PM2. 5 and 

meteorological factors in China: Seasonal and regional variations. International journal of 

environmental research and public health, 14(12), Article 1510. 

https://doi.org/10.3390/ijerph14121510 

Yue, W., Tong, L., Liu, X., Weng, X., Chen, X., Wang, D., ... & Chen, Y. (2019). Short term Pm2. 5 

exposure caused a robust lung inflammation, vascular remodeling, and exacerbated transition 

from left ventricular failure to right ventricular hypertrophy. Redox biology, 22, 101161. 

https://doi.org/10.1016/j.redox.2019.101161 

Zajda, J. (2021). Constructivist learning theory and creating effective learning environments. 

In Globalisation and education reforms: Creating effective learning environments (pp. 35-50). 

Cham: Springer International Publishing. https://doi.org/10.1007/978-3-030-71575-5_3 

Zhang, Z., Shao, C., Guan, Y., & Xue, C. (2019). Socioeconomic factors and regional differences of 

PM2. 5 health risks in China. Journal of environmental management, 251, Article 109564. 

https://doi.org/10.1016/j.jenvman.2019.109564 

  


