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Background and Objectives: The growing influence of Information and Communication 
Technology (ICT) has considerably altered educational practices, particularly in language learning 
contexts. In English for Specific Purposes (ESP) courses, mastering technical vocabulary is a 
fundamental yet challenging requirement due to the specialized nature of the content and 
learners’ limited exposure beyond academic settings. Traditional vocabulary instruction methods 
often provide insufficient repetition and lack flexibility, which can negatively affect retention and 
long-term learning. In response to these challenges, technology-enhanced learning tools have 
emerged as effective alternatives for supporting vocabulary development. Digital flashcards, 
especially when used through online platforms, offer structured repetition, learner autonomy, 
and increased engagement. However, despite their widespread use, there is limited empirical 
research examining the effectiveness of digital flashcards implemented at predetermined time 
intervals in ESP contexts. Therefore, this mixed-methods study aimed to investigate the effects 
of using ICT-based digital flashcards with spaced repetition on undergraduate ESP learners’ 
acquisition of technical vocabulary. Additionally, the study explored learners’ perceptions of 
using Quizlet as a technology-supported instructional tool. 
Materials and Methods: The study employed a mixed-methods research design integrating 
quantitative and qualitative data to provide a comprehensive understanding of the research 
objectives. The participants were 60 undergraduate students enrolled in ESP courses, who were 
randomly assigned to an experimental group and a control group. Before the instructional 
intervention, both groups completed a background questionnaire and a technical vocabulary pre-
test to ensure comparability in terms of prior knowledge. During the treatment phase, the 
experimental group learned technical vocabulary through digital flashcards delivered via an 
online platform at planned and systematic time intervals based on spaced learning principles. In 
contrast, the control group received conventional vocabulary instruction without the use of 
digital flashcards or ICT-based tools. Data collection instruments included technical vocabulary 
pre- and post-tests, post-treatment questionnaires, and semi-structured interviews. Quantitative 
data were analyzed using paired-samples t-tests to examine within-group  changes and an 
independent-samples t-test on gain scores to compare the magnitude of  vocabulary 
improvement between the two groups. Qualitative interview data were analyzed through 
content analysis using NVivo software. 
Findings: The results of the quantitative analysis showed that the experimental group achieved 
significantly greater vocabulary gains than the control group, as confirmed by an  independent-
samples t-test on gain scores.  These findings indicate that the use of digital flashcards with spaced 
intervals had a positive and statistically significant effect on ESP learners’ vocabulary acquisition. 
Learners who experienced repeated and structured exposure to technical terms demonstrated 
higher levels of retention and recall. Moreover, the results suggested that Quizlet functioned as 
an effective and reliable ICT-based platform for facilitating vocabulary learning. The qualitative 
findings further supported the quantitative results, revealing that learners held positive attitudes 
toward the use of digital flashcards. Participants reported increased motivation, improved 
engagement, and greater control over their learning process. They also noted that spaced 
repetition helped reduce cognitive load and made learning complex technical vocabulary more 
manageable. 
Conclusions: The findings of this study demonstrate that integrating ICT-based tools, particularly 
digital flashcards with spaced repetition, can effectively enhance technical vocabulary learning in 

Tech. Edu. J. 20(1): 43-64, Winter 2026 

 
Technology of Education Journal 

(TEJ) 
Homepage:  jte.sru.ac.ir 

 

TEJ SRTTU 



Z. Cheraghi et al.                                                                                                                                                                                                      44   

ESP contexts. From a technology of education perspective, the results highlight the pedagogical 
value of online learning platforms in promoting learner autonomy and improving vocabulary 
retention. This study contributes to the field of educational technology by providing empirical 
evidence for the effectiveness of interval-based digital flashcards in ESP instruction. It is 
recommended that ESP instructors and curriculum designers incorporate technology-enhanced 
vocabulary learning strategies into their courses to achieve more effective and sustainable 
learning outcomes. 
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  ژه یوبه  ،یآموزشت  یهاوهیبر شت  یتوجهقابل ری( تأثفاوااطلاعات و ارتباطات )  یگستترش روزافزون فناور اهداف:پیشیینه و 

  ی (، تستل  بر واژگان تخصتصتESP)  ژهیاهداف و  یبرا  یستیزبان انگل  یهاآموزش زبان، گذاشتته اتتتد در دوره  یهادر بافت

آموزان  محتوا و محدود بودن مواجهه زبان یصتصتتخ  تیماه  رایز  شتود یمحستو  م  زیبرانگاما چالش  یضترورت اتتاتت  کی

  ی آموزش واژگان غالباً تکرار کاف یتنت  یهاد روشتازدیرا دشوار م  یریادگی  ندیفرا  ،یدانشگاه  یها یبا آن خارج از مح

 ریبلنتدمدت تأث  یریادگیتو   یبر ماندگار  تواندیکه م یامر  ستتتتنتد یلازم برخوردار ن   یریپذو از انعطتاف  کننتدیرا فراهم نم

  ت ی حما   یمؤثر برا  ییهانهیعنوان گزبه  یبا فناور  شتتدهتیتقو  یریادگی  یها، ابزارهاچالش  نیبگذاردد در پاتتتخ به ا یمنف

امکتان تکرار    ن،یآنلا  تتتتکوهتای  اتتتتتفتاده ازهنگتام    ژهیوبته  تتال،یجید  یهتاکتارتانتدد فلشمطرح شتتتده  یاز رشتتتد واژگتان 

ابزارها،    نید با وجود کاربرد گستترده اکنندیرا فراهم م یشتناخت یریدرگ  شیو افزا  رندهیادگی  یدمختارخو  افته،یتتاختار

در   شتدهنییتع  شیاز پ  یاجراشتده در فواصتل زمان   تالیجید  یهاکارتفلش  یدرباره اثربخشت  یمحدود  یتجرب   یهاپژوهش

 ریتأث  یبا هدف بررتت ،یبیرکروش ت  کردیپژوهش حاضتر با رو  رو،نیوجود داردد ازا   ژهیاهداف و  یبرا  یستیانگل  یهابافت

واژگان    یریادگیدار بر  همراه با تکرار فاصتتله  اطلاعات و ارتباطات    یفناوربر    یمبتن  تالیجید  یهاکارتاتتتتفاده از فلش

آموزان  ادراک زبان  یمطالعه به بررت  نیا ن،یانجام شدد همچن   ژهیاهداف و  یبرا  یسیانگل  یکارشنات  انیدانشجو یتخصص

   پرداختد  یفناور  اب   شدهیبان یپشت  یابزار آموزش  کیعنوان  به  Quizletاز کاربرد  

جامع    یبه درک  یاب یمنظور دتتترا به یفیو ک  یکم  یهابهره گرفت و داده  یبیپژوهش از طرح پژوهش ترک  نیا :هاروش

  ی هادر دوره  لیمشتوول به تحصت  یکارشتناتت  یکنندگان شتامل شتصتت دانشتجوکردد شترکت قیاز اهداف پژوهش تلف

از مداخله   شیشتدندد پ  یگذاریو کنترل جا  یشتیدر دو گروه آزما یصتورت تصتادفبودند که به  ژهیاهداف و  یبرا  یستیانگل

ها از نظر  آن  یکردند تا از همگن  لیرا تکم یواژگان تخصتصت  آزمونشیو آزمون پ نهیشتیهر دو گروه پرتتشتنامه پ  ،یآموزشت

  تال یجید  یهاکارتفلش  قیرا از طر  یواژگان تخصتصت  یشتیحاصتل شتودد در مرحله اجرا، گروه آزما  نانیاطم نیشتیدانش پ

دار فراگرفتد  فاصتله  یریادگیبر اصتول    یو منظم مبتن  شتدهیزیربرنامه  یفواصتل زمان   درو   نیپلتفرم آنلا  کیشتده در  ارائه

 فاوا بر   یمبتن  یابزارهتا  ایت  تتالیجید  یهتاکتارتدر مقتابتل، گروه کنترل آموزش متعتارف واژگتان را بتدون اتتتتتفتاده از فلش

پرتتتشتتنامه پس از مداخله و  ،یآزمون واژگان تخصتتصتتو پس آزمونشیداده شتتامل پ یگردآور  یکردد ابزارها  افتیدر

واژگان دو گروه    یریادگی  جینتا  ستهیمقا  یبرا  t  یهابا اتتتفاده از آزمون یکم  یهابودد داده  افتهیتتاختارمهین   یهامصتاحبه

قرار    یمورد بررتت NVivoافزار  محتوا با اتتتفاده از نرم  لیتحل  قیها از طرحاصتل از مصتاحبه  یفیک یهاشتد و داده لیتحل

 گرفتد
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پیشترفت واژگانی معنادارتری نستبت به گروه کنترل کستر کرد،    یشتینشتان داد که گروه آزما  یکم  لیتحل  جینتا  ها:یافته

  ی ها کارتآن اتتت که اتتتفاده از فلش  انگریب   هاافتهی  نید ابر روی نمرات تفاضتل تایید کرد  tهمانطور که آزمون مستتقل 

اهداف    یبرا  یستیانگل  آموزانانواژگان زب   یریادگیبر    یمثبت و معنادار  ریتأث  شتده،یزیربرنامه  یبا فواصتل زمان   تالیجید

قرار گرفتند، تتطوح    یبا اصتطلاحات تخصتصت  افتهیو تتاختار یکه در معرض مواجهه تکرار  یآموزان داشتته اتتتد زبان   ژهیو

پلتفرم    کیتعنوان  بته  Quizletاز آن بود کته    یحتاک  جینتتا  ن،یرا نشتتتان دادنتدد افزون بر ا  یادآوریتو    یاز متانتدگتار  یبتالاتر

  ی کم  جینتا  زین  یفیک  یهاافتهیواژگان عمل کرده اتتتد    یریادگی لیتسته  یبرا یعتماد، ابزار مؤثر و قابل افوا بر    یمبتن

داشتتتتندد   تالیجید  یهاکارتنستتتبت به اتتتتتفاده از فلش  یمثبت  یهاآموزان نگرشکرد و نشتتتان داد که زبان  دییرا تأ

ها  خود را گزارش کردندد آن  یریادگی  ندیبر فرا شتریو کنترل ب   یریادگی یریبهبود درگ  زش،یانگ  شیکنندگان افزاشرکت

را قابل   دهیچیپ  یواژگان تخصتصت  یریادگیکمک کرده و  یدار به کاهش بار شتناختاشتاره کردند که تکرار فاصتله  نیهمچن

 تاخته اتتد  ترتیریمد

  تتال یجید  یهتاکتارتفلش  ژهیو، بتهفاوا بر   یمبتن  یکته ادغتام ابزارهتا دهتدیپژوهش نشتتتان م  نیا  یهتاافتتهیت   گیری:نتیجیه

   ژه یاهداف و  یبرا  یستتیانگل  یهارا در بافت یواژگان تخصتتصتت  یریادگی  یطور مؤثربه  تواندیدار، مهمراه با تکرار فاصتتله

  ی خودمختتار   یدر ارتقتا  نینلاآ  یریادگیت  یهتاپلتفرم  یتیبر ارزش ترب   جینتتا  ،یآموزشتتت  یکنتدد از منظر فنتاور  تیتتقو

  ی هتا کتارت فلش  یدربتاره اثربخشتتت  یمطتالعته بتا ارائته شتتتواهتد تجرب   نیداردد ا  دیتواژگتان تتأک  یو بهبود متانتدگتار  رنتدهیادگیت

د کنتدیکمتک م  یآموزشتتت  ی، بته حوزه فنتاور  ژهیاهتداف و  یبرا  یستتتیانگلدر آموزش    یبر فواصتتتل زمتان   یمبتن  تتالیجید

با    شتدهتیواژگان تقو  یریادگی  یراهبردها  ،یو طراحان برنامه درتت   ژهیاهداف و  یبرا  یستیانگلمدرتتان    شتودیم  شتنهادیپ

   دابندیدتت    دارتریمؤثرتر و پا  یریادگی  جیخود ادغام کنند تا به نتا  یهارا در دوره  یفناور

Introduction 

 

The integration of Information and 

Communication Technology (ICT) into language 

education has reshaped instructional practices 

and redefined how learners engage with 

linguistic input. Recent advancements in digital 

learning environments have shifted the focus 

from teacher-centered transmission models 

toward learner-centered, technology-mediated 

pedagogies that promote autonomy, sustained 

engagement, and data-driven feedback [1-2]. In 

addition, recent syntheses of research suggest 

that technology integration in language 

classrooms can significantly enhance learner 

interaction and self-regulated learning when 

pedagogically grounded [3-4]. Within applied 

linguistics, the growing emphasis on evidence-

based instructional design has highlighted the 

importance of aligning technological tools with 

established cognitive learning principles. As a 

result, vocabulary instruction—long recognized 

as a cornerstone of second and foreign 

language proficiency—has increasingly been 

supported through digital platforms that enable 

repeated exposure, retrieval practice, and 

adaptive review mechanisms [5-6]. 

Vocabulary knowledge constitutes a 

foundational dimension of communicative 

competence, directly influencing learners’ 

reading comprehension, listening ability, 

speaking fluency, and academic achievement. 

In English for Specific Purposes (ESP) contexts, 

lexical competence becomes even more critical 

because learners must acquire discipline-

specific terminology that occurs with limited 

frequency outside specialized domains [7-8]. 

Research on vocabulary acquisition further 

emphasizes that systematic and technology-

supported lexical instruction can strengthen 

depth of processing and long-term retention, 

particularly when digital tools are integrated 

into structured learning environments [9]. The 

technical and often abstract nature of ESP 

vocabulary presents substantial learning 

challenges, particularly in contexts where 

learners have restricted exposure to authentic 

input. Consequently, relying solely on incidental 

vocabulary acquisition is insufficient; 

intentional, systematically structured lexical 
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instruction is necessary to facilitate durable 

retention and productive use [10]. 

From a cognitive perspective, vocabulary 

acquisition is incremental and requires multiple 

encounters distributed across time. One of the 

most robust findings in memory research—the 

spacing effect—demonstrates that learning 

episodes spaced over intervals yield stronger 

long-term retention than massed practice 

conducted within a single session [11-12-13]. 

Spaced retrieval enhances memory 

consolidation by strengthening neural encoding 

pathways and reducing cognitive overload, 

thereby increasing both accuracy and durability 

of recall [14]. In second language acquisition 

research, retrieval practice combined with 

distributed scheduling has been shown to 

significantly improve vocabulary retention 

compared to repeated exposure without 

temporal spacing [15]. 

Digital flashcard applications provide an 

ideal environment for operationalizing spacing 

principles within language classrooms. 

Platforms such as Quizlet incorporate 

automated review cycles, time-controlled 

repetition, gamified testing modes, and mobile 

accessibility, all of which may enhance both 

cognitive processing and learner motivation 

[16-2]. Unlike traditional paper-based 

flashcards, digital systems can algorithmically 

schedule review sessions, monitor 

performance, and adjust repetition intervals to 

optimize learning efficiency. However, despite 

the well-documented benefits of spaced 

practice in cognitive psychology, empirical 

investigations examining how digitally 

scheduled spacing influences ESP learners’ 

technical vocabulary development remain 

limited.  

Addressing this gap is important for both 

theoretical understanding and practical 

application. Examining spaced digital 

vocabulary learning in ESP contexts connects 

research on cognitive memory with effective 

technology-enhanced language learning. 

Understanding learning outcomes and learner 

perceptions allows for informed curriculum 

design, enabling educators to purposefully 

integrate digital tools to support vocabulary 

instruction. In higher education, where time 

constraints and demanding subject matter 

often limit opportunities for repeated 

vocabulary practice, identifying efficient, 

research-backed instructional strategies is very 

essential. Recent empirical evidence suggests 

that retrieval-based instructional approaches, 

especially those employing systematic spacing 

improve long-term vocabulary retention in 

second language contexts [17]. 

Although the effectiveness of spaced 

learning was approved in recent years [18-19-

20], the present mixed-methods research is 

aimed at examining the impact of spaced 

learning on the enhancement of ESP vocabulary 

using Quizlet digital flashcards. Additionally, the 

study sought to explore the following research 

inquiries: 

- Is spacing technical vocabulary learning 

through digital flashcards more effective than 

massed learning? 

- What are the perceptions of learners in the 

experimental group regarding the 

implementation of spaced retrieval? 

- What are the ESP learners’ attitudes toward 

using Quizlet digital flashcards with specific 

intervals for learning technical vocabulary? 

 

Review of Related Literature    

 

Theoretical Background 

The present study is grounded in two 

complementary theoretical perspectives that 

explain learners’ acceptance of digital learning 

tools and their engagement in structured 

vocabulary learning environments: the 

Technology Acceptance Model (TAM) and the 



47                                                                                                                                                            Tech. of Edu. J. 20(1): 43-64, Winter  2026 

Theory of Planned Behavior (TPB). Rather than 

adopting these frameworks as isolated models, 

the study integrates them to explain how 

perceived usefulness, perceived ease of use, 

behavioral intentions, and perceived control 

may influence learners’ engagement with 

spaced digital flashcards. 

Recent extensions of TAM emphasize that 

learners’ adoption of educational technologies 

is largely determined by their perceptions of 

usefulness, usability, and motivational 

affordances [3-21]. Empirical investigations in 

higher education settings further indicate that 

students’ sustained engagement with digital 

learning platforms is strongly predicted by 

perceived usefulness and self-efficacy beliefs 

[22]. In language learning contexts, perceived 

usefulness often relates to improved 

performance, efficiency, and long-term 

retention, while perceived ease of use relates to 

reduced cognitive load and accessibility of the 

platform [2]. When learners perceive digital 

tools as beneficial and manageable, their 

intention to use such technologies increases 

significantly. 

Similarly, the Theory of Planned Behavior 

posits that behavior is driven by behavioral 

intentions shaped by attitudes, subjective 

norms, and perceived behavioral control [23]. In 

digitally mediated vocabulary learning 

environments, perceived behavioral control 

may manifest as learners’ belief in their ability 

to regulate their study schedules, manage 

repetition intervals, and successfully retrieve 

vocabulary items. Recent research has shown 

that students’ intention to continue using 

educational technologies is strongly associated 

with motivational beliefs and perceived 

autonomy [2-4]. 

By integrating TAM and TPB, the present 

study provides a theoretical basis for examining 

not only the effectiveness of spaced digital 

vocabulary learning but also learners’ 

perceptions and attitudes toward scheduled 

repetition in Quizlet. These frameworks justify 

the inclusion of qualitative data exploring 

motivation, engagement, and perceived 

learning enhancement. 

 

Spaced Retrieval and Vocabulary Learning 

The spacing effect, one of the most robust 

findings in cognitive psychology, suggests that 

distributed learning episodes result in stronger 

long-term retention than massed practice [11-

12]. Spaced retrieval enhances memory 

consolidation by allowing forgetting to occur 

between sessions, thereby strengthening 

retrieval pathways when information is 

reactivated [24].  

In second language acquisition, retrieval-

based practice combined with temporal 

distribution has demonstrated significant gains 

in vocabulary retention compared to repeated 

exposure without spacing [15]. Experimental 

research has also demonstrated that expanding 

retrieval schedules produces more durable 

vocabulary retention than fixed or massed 

repetition patterns, particularly when practice 

sessions are distributed across days rather than 

within a single session [17]. Meta-analytic 

evidence indicates that distributed practice 

yields medium to large effect sizes for long-

term vocabulary retention, particularly when 

retrieval is effortful and feedback is immediate 

[14].  

Although the cognitive advantages of spaced 

learning are well established, fewer studies 

have examined how spacing principles operate 

within digital vocabulary platforms that 

algorithmically schedule review sessions. As 

digital environments allow precise control over 

interval timing and frequency, they may 

optimize spacing more effectively than 

traditional classroom-based repetition. 

However, empirical research specifically 

targeting ESP learners and technical vocabulary 
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within digitally scheduled spacing remains 

limited. This gap highlights the need for 

research that combines cognitive principles 

with technology-enhanced language learning. 

 

Vocabulary Learning in ESP Contexts 

Vocabulary knowledge is widely recognized as a 

core component of language proficiency, 

particularly in academic and professional 

domains [25]. In ESP contexts, learners must 

acquire discipline-specific lexical items that are 

often abstract, low-frequency outside the field, 

and conceptually dense [7]. Technical 

vocabulary plays a decisive role in enabling 

learners to comprehend specialized texts and 

participate in professional discourse 

communities [8]. 

Contemporary perspectives emphasize that 

vocabulary acquisition is incremental and 

requires repeated, meaningful encounters 

across time [10-9]. Incidental exposure alone is 

insufficient for mastering technical 

terminology; instead, intentional and 

structured instructional approaches are 

necessary. 

Moreover, digital learning environments 

offer expanded affordances for repeated 

exposure, multimodal presentation, and 

learner-controlled pacing. Research has shown 

that technology-mediated vocabulary learning 

can enhance engagement, autonomy, and 

retention when grounded in cognitive principles 

such as retrieval practice and spacing [5-2]. 

Despite these advances, the intersection of ESP 

vocabulary, digital flashcards, and 

algorithmically scheduled spacing remains 

underexplored. 

 

Digital Flashcards and Quizlet 

Digital flashcard applications operationalize key 

principles of vocabulary learning, including 

form–meaning mapping, retrieval practice, and 

distributed exposure. Recent empirical 

investigations suggest that digital flashcards are 

effective tools for improving vocabulary 

retention, particularly when they incorporate 

adaptive scheduling and gamified features [6-

16]. 

Unlike traditional paper-based flashcards, 

digital platforms such as Quizlet provide 

automated review cycles, performance 

tracking, and mobile accessibility. These 

features may enhance learner engagement and 

encourage sustained practice. A recent meta-

analysis on technology-enhanced vocabulary 

learning confirmed that digital tools produce 

significant positive effects compared to 

traditional methods, especially when repetition 

is structured and interactive [2]. 

However, while previous studies have 

examined digital flashcards in general EFL 

settings [4-6-16], relatively limited research has 

investigated their effectiveness for technical 

vocabulary acquisition in ESP contexts, 

particularly through experimentally 

manipulated spacing intervals. Furthermore, 

the role of learners’ perceptions, motivation, 

and competitive engagement in such 

environments requires further qualitative 

exploration. 

 

ICT in ESP and Research Gap 

ICT integration in ESP classrooms has been 

associated with increased learner autonomy, 

improved access to authentic materials, and 

enhanced professional relevance [26]. 

Nevertheless, much of the research on ICT in 

ESP focuses on general digital integration rather 

than cognitively principled instructional design. 

Although separate bodies of research exist 

on (a) spacing effect in vocabulary learning, (b) 

digital flashcards in language education, and (c) 

ICT use in ESP contexts, there is a notable lack 

of mixed-method studies examining the 

combined impact of digitally scheduled spacing 

on technical vocabulary development within 
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ESP settings. 

The present study addresses this gap by 

experimentally comparing spaced and massed 

vocabulary learning through Quizlet digital 

flashcards while simultaneously exploring 

learners’ perceptions and attitudes. By 

integrating cognitive theory, technology 

acceptance models, and ESP pedagogy, this 

study contributes to both theoretical 

understanding and pedagogical practice in 

technology-enhanced language learning. 

 

Method 

 

Participants  

The participants initially consisted of 90 Iranian 

undergraduate students majoring in 

Architecture, all enrolled in an ESP course. The 

cohort included both male and female students, 

aged between 19 and 24, who were in their 

second or third academic year. To ensure 

homogeneity in general English proficiency, an 

Oxford Placement Test was administered. 

Based on the test results, 60 learners who met 

the intermediate level criterion (B1 according to 

the Common European Framework of 

Reference [CEFR]) were selected as the final 

sample. The selected participants were then 

assigned to two intact groups: an experimental 

group (n = 30) and a control group (n = 30). 

Participation was voluntary and informed 

consent was obtained from all individuals 

involved.  

 

Instruments 

Placement Test 

An Oxford Placement Test consisting of 50 

multiple-choice items assessing grammar and 

vocabulary knowledge was administered to 

determine participants’ general language 

proficiency. The test duration was 40 minutes 

(averaging 48 seconds per item). According to 

the test guidelines, scores above 31 correspond 

to the intermediate (B1) level. Only those 

meeting this criterion were included in the 

study. 

 
Technical Vocabulary Tests   

To measure vocabulary development, a 

researcher-developed technical vocabulary test 

was administered as both a pre-test and a post-

test. The tests included 30 multiple-choice 

items derived from Technical English for 

Architects. 

To establish content and construct validity, 

the instrument was piloted with 120 EFL 

learners at another university who shared 

similar characteristics with the target 

population. Internal consistency was calculated 

separately for each administration, yielding a 

Cronbach’s alpha of 0.82 for the pre-test and 

0.86 for the post-test, indicating high reliability 

across both measurements. Both pre- and post-

tests were scored independently by two raters 

to reduce scoring bias, and the average of the 

two scores was used as the final score. 

 
Post-treatment Questionnaire  

The post-treatment questionnaire, adopted 

from Lotfolahi and Salehi [19], was 

administered immediately after the post-test to 

explore the perceptions of the experimental 

group about using spaced digital flashcards. It 

addressed experiences and attitudes formed 

during the intervention, aiming to examine the 

effects of the spacing technique on learning 

target vocabulary. The questionnaire consisted 

of 14 Likert-scale items rated on a five-point 

scale (1 = Strongly Agree to 5 = Strongly 

Disagree). It was completed by all 30 

participants in the experimental group. To 

prevent misunderstanding, the questionnaire 

was translated into Persian. The translated 

version underwent expert validation by 

bilingual specialists to ensure linguistic 
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accuracy, conceptual equivalence, and cultural 

appropriateness. 

 

Semi-structured Interview  

To obtain in-depth qualitative data, semi-

structured interviews were conducted with 10 

participants purposively selected from the 

experimental group to represent a range of final 

vocabulary test scores (high, medium, low), 

ensuring diverse perspectives on the learning 

experience. The interviews aimed to explore 

participants’ attitudes, motivation, and 

perceptions regarding the use of Quizlet digital 

flashcards with scheduled intervals. All 

interviews were audio-recorded and later 

transcribed for analysis. 

The interview protocol consisted of four 

open-ended questions (see Appendix) designed 

to collectively deepen and complement the 

quantitative findings across all three research 

questions. Rather than mapping each question 

to a single research question in isolation, the 

questions were constructed to allow 

participants to reflect on interconnected 

aspects of their learning experience—including 

motivation, engagement, perceived challenge, 

and vocabulary retention—which together 

inform all three research questions. This design 

ensured that the qualitative data captured the 

complexity and interrelatedness of learners’ 

experiences with spaced digital flashcard 

practice, while allowing participants the 

freedom to elaborate on their unique 

perspectives. The integration of responses 

across all four questions enabled the 

researchers to identify recurrent themes that 

cut across the study’s research objectives, 

thereby strengthening the triangulation of 

quantitative and qualitative findings. 

 

Data Collection Procedure  

Ethical approval for the study was obtained 

from the English Department of Pars Higher 

Education Institute, Tehran, Iran. Participation 

was voluntary, and informed consent was 

obtained from all students. Following the 

administration of the placement test, 60 

intermediate learners were selected and 

assigned to experimental and control groups. 

The intervention lasted six weeks, with classes 

held twice a week for two hours. Both groups 

were taught by the same instructor to control 

for teacher-related variables. At the beginning 

of the study, both groups took the technical 

vocabulary pre-test under standardized 

conditions. During the intervention period, 

both groups used Quizlet digital flashcards to 

learn technical vocabulary. However, the 

experimental group was required to follow a 

structured spaced schedule, reviewing 

vocabulary at two-day intervals. In contrast, the 

control group used Quizlet without 

predetermined intervals. At the end of the 

treatment, both groups completed the post-

test under identical conditions. Afterward, a 

post-treatment questionnaire was 

administered only to the experimental group to 

gather data on their perceptions of the spaced 

digital flashcard use. This questionnaire was not 

given to the control group because their 

instruction did not involve a spaced schedule, 

making the questions irrelevant to their 

experience. Finally, semi-structured interviews 

were conducted with 10 participants from the 

experimental group to gain deeper insights into 

their learning experiences. A standardized 

protocol was followed to ensure consistency 

and depth across all sessions. Each interview 

was conducted individually in a quiet, private 

setting to minimize distractions. Before the 

interview, participants were briefed on the 

purpose of the study, assured of confidentiality, 

and provided informed consent. The interviews 

began with a brief, neutral opening question to 

establish rapport. The interviewer then 

followed the guiding questions (see Appendix), 
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allowing participants to speak freely while using 

prepared prompts (e.g., “Can you elaborate on 

that?” or “Could you give an example?”) to 

explore responses in greater depth when 

necessary. Each interview lasted approximately 

20–30 minutes.  

 

Data Analysis  

A mixed-method approach was employed for 

data analysis. Quantitative data were entered 

into SPSS. Before conducting inferential 

statistics, assumption testing was performed. 

The normality of score distributions for both 

groups was examined using the Shapiro–Wilk 

test, and the homogeneity of variances was 

assessed through Levene’s Test of Equality of 

Variances. Descriptive statistics, including 

means and standard deviations, were 

calculated to summarize participants’ 

performance on the pre- and post-tests. To 

examine within-group changes from pre-test to 

post-test, paired-samples t-tests were 

conducted separately for the experimental and 

control groups. In addition, to compare the 

effectiveness of spaced versus non-spaced 

digital flashcard practice between the two 

groups, gain scores (post-test minus pre-test) 

were calculated for each participant. An 

independent-samples t-test was then 

performed on these gain scores to determine 

whether the magnitude of improvement 

differed significantly between the experimental 

and control groups. This approach was adopted 

because comparing raw post-test scores alone 

does not account for potential pre-existing 

differences in baseline vocabulary knowledge, 

whereas gain score analysis directly measures 

the amount of change attributable to the 

intervention. Statistical significance was set at p 

< .05. For qualitative analysis, interview 

transcripts were imported into NVivo software 

and analyzed using thematic content analysis. 

An inductive coding procedure was applied to 

identify recurring themes related to motivation, 

engagement, competition, and perceived 

vocabulary improvement. 

For qualitative analysis, interview transcripts 

were imported into NVivo software to facilitate 

systematic data management and coding. The 

analysis followed the six-phase thematic 

analysis protocol proposed by Braun and Clarke 

[27] to ensure rigor and transparency. First, the 

researchers familiarized themselves with the 

data by reading and re-reading the transcripts. 

Second, an inductive coding procedure was 

applied to generate initial codes for meaningful 

segments of text. Third, these codes were 

collated into potential themes related to 

motivation, engagement, competition, and 

perceived vocabulary improvement. Fourth, the 

themes were reviewed against the coded 

extracts and the entire dataset to ensure they 

accurately reflected the participants’ 

experiences. Fifth, the specific nature of each 

theme was defined and named. Finally, the 

analysis was written up, linking the identified 

themes back to the study’s research questions. 

This structured approach ensured that the 

findings were grounded in the data rather than 

researcher bias.  

 

Design of the Study 

The present study adopted a quasi-

experimental mixed-methods design to 

examine the effect of digitally delivered 

flashcards via Quizlet on the acquisition of 

technical vocabulary under scheduled spaced 

intervals. Due to the use of intact classroom 

groups, random assignment was not feasible; 

therefore, control and experimental groups 

were compared within a quasi-experimental 

framework. Quantitative data were collected 

through pre- and post-tests measuring learners’ 

vocabulary knowledge, along with a structured 

questionnaire assessing their perceptions of 

spaced digital practice. 
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To gain deeper insights into the 

intervention’s impact, qualitative data were 

gathered through semi-structured interviews 

with participants in the experimental group. 

The integration of quantitative and qualitative 

findings allowed for triangulation and provided 

a more comprehensive understanding of how 

digitally scheduled spacing influenced 

vocabulary development and learner 

perceptions.               

 

Results and Findings 

 

Descriptive Statistics 

To provide an initial overview of participants’ 

performance, descriptive statistics were 

calculated for both the control and 

experimental groups in the pre-test and post-

test phases. The results are presented in Table 

1. 

As presented in Table 1, the pre-test mean 

scores of the control group (M = 17.88, SD = 

4.87) and the experimental group (M = 18.52, 

SD = 5.35) were closely aligned, indicating a 

comparable level of technical vocabulary 

knowledge before the intervention. This 

similarity suggests baseline equivalence 

between the two groups. 

In the post-test phase, however, a clear 

divergence emerged. While the control group 

showed only a marginal increase in mean score 

(M = 18.04, SD = 4.03), the experimental group 

demonstrated a substantial improvement (M = 

24.00, SD = 2.70). Additionally, the reduction in 

standard deviation in the experimental group 

suggests more homogeneous performance 

following the intervention. These descriptive 

findings indicate a notable gain in vocabulary 

achievement among learners exposed to 

scheduled spaced practice through Quizlet, 

warranting further inferential analysis to 

determine statistical significance. 

 

Assumption Testing 

Normality Tests 

Before conducting parametric analyses, the 

assumption of normality was examined using 

the Kolmogorov–Smirnov and Shapiro–Wilk 

tests. These tests were applied separately to 

the pre-test and post-test scores of both groups 

to determine whether the data were normally 

distributed. The results are presented in Table 

2.
 

Table 1: Descriptive Statistics for Pre-test and Post- test Scores 
Group N Mean Std. Deviation Std. Error Mean 

 
Pre-T 

Control 30 17.88 4.87 0.975 

Experimental 30 18.52 5.35 1.068 

 
Post-T 

Control 30 18.04 4.03 0.805 

Experimental 30 24.00 2.70 0.539 

 
Table 2: Kolmogorov–Smirnov and Shapiro–Wilk Tests of Normality 

Group Kolmogorov-Smirnova Shapiro-Wilk 

 Statistic Df Sig. Statistic Df Sig. 

 
Pre-test 

Control 0.175 30 0.092 0.950 30 0.364 

Experimental 0.144 30 0.240 0.958 30 0.461 

 
Post-test 

Control 0.165 30 0.132 0.946 30 0.346 

Experimental 0.173 30 0.109 0.925 30 0.134 
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As reported in Table 2, all significance values for 

both the Kolmogorov–Smirnov and Shapiro–

Wilk tests exceeded the .05 threshold. This 

indicates that the pre-test and post-test scores 

for both the control and experimental groups 

did not significantly deviate from a normal 

distribution. Therefore, the assumption of 

normality was satisfied, and parametric 

statistical procedures were considered 

appropriate for subsequent analyses. 

 

Homogeneity of Variance 

Levene’s test was conducted separately for the 

pre-test and post-test scores. Establishing 

variance equality at the pre-test stage confirms 

the statistical comparability of the two groups 

before the intervention (Table 3), whereas 

testing homogeneity at the post-test stage 

verifies whether the equal variances 

assumption required for the independent-

samples t-test is satisfied (Table 4). 

 

Table 3: Levene’s Test for Equality of Variances 

(Pre-test Scores) 

Variable 
Levene 

Statistic 
df1 df2 Sig. 

Vocabulary 

Learning 
0.15 1 58 0.152 

 

Table 4: Levene’s Test for Equality of Variances 

(Post-test Scores) 

Variable 
Levene 

Statistic 
df1 df2 Sig. 

Vocabulary 

Learning 
2.041 1 58 0.161 

 

The results in Table 3 reveal that Levene’s test 

was not statistically significant (p = .152 > .05), 

indicating that the assumption of homogeneity 

of variance was satisfied for the pre-test scores. 

Thus, the variability of vocabulary knowledge 

was comparable across the control and 

experimental groups before the intervention. 

As presented in Table 4, Levene’s test for the 

post-test scores was not statistically significant 

(p = .161 > .05), suggesting that the assumption 

of equal variances was met. Consequently, the 

results corresponding to the “equal variances 

assumed” row of the independent-samples t-

test were interpreted. 

 
RQ One: The Effectiveness of Spaced versus 

Massed Vocabulary Learning through Digital 

Flashcards 

To address the first research question—

whether spacing technical vocabulary learning  

through digital flashcards is more effective than 

massed learning—both within-group and 

between-group comparisons were conducted. 

 
Changes in Vocabulary Performance: Control 

Group 

To determine whether the control group 

demonstrated significant improvement over 

time, a paired-samples t-test was conducted 

comparing their pre-test and post-test scores. 

The results are presented in Table 5. 

As shown in Table 5, the paired-samples t-

test revealed no statistically significant 

difference between the control group’s pre-test 

and post-test scores [t (29) = -0.267, p = .801]. 

The 95% confidence interval for the mean 

difference included zero, further confirming the 

absence of a significant change over time. These 

findings indicate that vocabulary learning 

without structured spaced intervals did not lead 

to measurable improvement in the control 

group during the study period.  

 
Changes in Vocabulary Performance: 

Experimental Group 

To examine whether the experimental group 

demonstrated significant improvement 

following the intervention, a paired-samples t-

test was conducted comparing pre-test and 

post-test scores. The results are presented in 

Table 6.
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Table 5: Paired-Samples t-Test for the Control Group 
Paired difference 

 Mean 
Std. 

Deviation 
Std. Error 

Mean 

95% confidence 
interval of the 

difference T Df 
Sig. (2-
tailed) 

Lower Upper 

Pair pretest-
posttest 

-0.16 2.989 0.589 -1.40 1.10 -0.267 29 0.801 

 
Table 6: Paired-Samples t-Test for the Experimental Group 

Paired difference 

 Mean 
Std. 

Deviation 
Std. Error 

Mean 

95% confidence 
interval of the 

difference T Df 
Sig.(2-
tailed) 

Lower Upper 

Pair 
pretest-
posttest 

-5.36 4.431 0.866 -7.48 -3.26 -6.325 29 0.001 

As demonstrated in Table 6, the paired-samples 

t-test revealed a statistically significant 

difference between the experimental group’s 

pre-test and post-test scores, t(29) = -6.325, p < 

.001. The 95% confidence interval for the mean 

difference did not include zero, indicating a 

reliable improvement following the 

intervention. The negative mean difference 

reflects higher post-test scores compared to 

pre-test scores. These findings demonstrate 

that participation in digitally scheduled spaced 

practice led to a substantial gain in technical 

vocabulary knowledge among learners in the 

experimental group. 
 

Between-Group Comparison: Gain Score 

Analysis 

While the within-group comparisons 

demonstrated that only the experimental group 

achieved significant pre-to-post improvement, 

comparing two separate p-values does not 

constitute a valid statistical test of between-

group differences. A group may show a non-

significant p-value not because it truly failed to 

improve but because of higher variability or 

smaller effect size. Therefore, to directly 

compare the magnitude of vocabulary gains 

between the two groups, gain scores were 

calculated for each participant by subtracting 

pre-test scores from post-test scores. 

Descriptive statistics for the gain scores are 

presented in Table 7. 

 
Table 7: Descriptive Statistics for Gain Scores 

Group N 
Mean 

Gain 

Std. 

Deviation 

Std. 

Error 

Mean 

Control 30 0.16 2.99 0.546 

Experimental 30 5.48 4.43 0.809 

 
As presented in Table 7, the experimental group 

demonstrated a substantially larger mean gain 

(M = 5.48, SD = 4.43) compared to the control 

group (M = 0.16, SD = 2.99), indicating that 

learners who followed the structured spaced 

schedule achieved considerably greater 

improvement in technical vocabulary 

knowledge. Before conducting the between-

group comparison, Levene’s test was 

performed to assess the homogeneity of 

variances for the gain scores. The results are 

presented in Table 8. 
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Table 8: Levene’s Test for Equality of Variances 

(Gain Scores) 

Variable 
Levene 

Statistic 
df1 df2 Sig. 

Gain 

Scores 
3.214 1 58 .078 

 

The result of Levene’s test was not statistically 

significant (p = .078 > .05), indicating that the 

assumption of equal variances was met for the 

gain scores. Consequently, the equal variances 

assumed condition of the independent-samples 

t-test was interpreted. An independent-

samples t-test was conducted to compare the 

gain scores of the control and experimental 

groups. The results are presented in Table 9. 

As shown in Table 9, the independent-

samples t-test revealed a statistically significant  

difference between the gain scores of the 

control and experimental groups, t(58) = -

5.456,  p < .001. The 95% confidence interval for 

the mean difference ranged from -7.27 to -

3.37,  indicating that the experimental group’s 

improvement was reliably and substantially 

greater  than that of the control group. These 

results confirm that digitally scheduled spaced  

vocabulary practice produced significantly 

greater vocabulary gains compared to non-

spaced practice, thereby providing a robust 

affirmative answer to the first research  

question. 

This gain score analysis addresses a critical 

methodological concern: although the pre-test  

means of the two groups were similar (control: 

M = 17.88; experimental: M = 18.52), they  were 

not identical. By analyzing gain scores rather 

than raw post-test scores, the  comparison 

directly captures the amount of change each 

participant experienced, thereby  controlling for 

any baseline differences and providing a more 

precise estimate of the intervention effect. 

 
RQ Two: Learners’ Perceptions of Spaced 

Retrieval Implementation  

To address the second research question—

what are the perceptions of learners in the  

experimental group regarding the 

implementation of spaced retrieval—a post-

intervention  questionnaire was administered to 

the 30 participants in the experimental group. 

Responses  were collected on a five-point Likert 

scale (1 = Strongly Agree to 5 = Strongly 

Disagree).  Descriptive statistics were calculated 

to determine the distribution of responses 

across  items, and one-sample t-tests were 

conducted to compare the mean score of each 

item  against the neutral midpoint of the scale 

(M = 3). The distribution of responses is 

presented in Table 10.

 

Table 9: Independent-Samples t-Test for Comparing Gain Scores between Groups 

 t Df 
Sig. (2-
tailed) 

Mean 
Differe

nce 

Std. 
Error 

Differen
ce 

95% CI 
Lower 

95% CI 
Upper 

Equal 
variances 
assumed 

-5.456 58 .001 -5.32 0.975 -7.27 -3.37 

Equal 
variances 
not 
assumed 

-5.456 50.4 .001 -5.32 0.975 -7.28 -3.36 
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Table 10: Detailed Questionnaire Results 

Survey questions 
1 2 3 4 5 

% % % % % 

1- Spatial repetition improves my word recall. 56.67 23.33 13.33 6.67 0 
2- Spaced learning lessons help me retain more 
knowledge. 

60 26.67 13.33 0 0 

3- I can remember spaced vocabulary longer and 
faster on tests. 

63.33 13.33 23.33 0 0 

4- I can observe an improvement in my vocabulary 
through spaced repetitions. 

46.67 30 16.67 6.67 0 

5- Spaced-out lessons help me understand things 
more clearly. 

40 26.67 30 3.33 0 

6- Spaced-out lessons help me learn more quickly. 33.33 40 16.67 6.67 3.33 

7- When topics are spaced out, I pay greater 
attention. 

30 40 23.33 6.67 0 

8- When lessons are spaced out, it inspires me 
more. 

16.67 50 16.67 3.33 13.33 

9- When learning topics are spaced out, I get less 
bored. 

33.33 6.67 43.33 16.67 0 

10- I'm pleased that spaced practice has made 
vocabulary study enjoyable for me. 

40 10 30 20 0 

11- Spaced-out classes make vocabulary learning 
more enjoyable. 

40 33.33 13.33 13.33 0 

12- I appreciate repeating actions over and over 
again. 

16.67 60 16.67 6.67 0 

13- I prefer to acquire words by spaced practice 
from now on. 

66.67 13.33 16.67 3.33 0 

14- In general, I agree that lessons should be 
spaced out. 

50 36.67 3.33 0 0 

     Note. 1 = Strongly Agree; 2 = Agree; 3 = No Idea; 4 = Disagree; 5 = Strongly Disagree. 

 

As illustrated in Table 10, the distribution of 

responses indicates a predominantly positive 

perception of spaced vocabulary instruction. A 

substantial proportion of participants selected 

“Strongly Agree” or “Agree” for items related to 

improved recall (Item 1), enhanced retention 

(Item 2), faster retrieval during assessments 

(Item 4), and noticeable vocabulary 

development (Item 5). Furthermore, the 

majority of learners expressed a preference for 

continuing to use spaced practice in future 

vocabulary learning (Item 14), reflecting a high 

level of acceptance of the instructional 

approach. 

To determine whether these positive 

perceptions were statistically significant, one-

sample t-tests were conducted to compare the 

mean score of each questionnaire item against 

the neutral midpoint of the scale (M = 3). The 

results are presented in Table 11.

 

Table 11: One-Sample t-Test Results for Questionnaire Items (Test Value = 3) 

Item Mean SD T Df 
Sig. (2-
tailed) 

Mean 
Difference 

1 1.70 0.95 -7.49 29 .001 -1.30 

2 1.53 0.73 -11.03 29 .001 -1.47 

3 1.60 0.86 -8.91 29 .001 -1.40 



57                                                                                                                                                            Tech. of Edu. J. 20(1): 43-64, Winter  2026 

Item Mean SD T Df 
Sig. (2-
tailed) 

Mean 
Difference 

4 1.83 0.95 -6.74 29 .001 -1.17 

5 1.97 0.93 -6.07 29 .001 -1.03 

6 2.07 1.01 -5.04 29 .001 -0.93 

7 2.07 0.91 -5.60 29 .001 -0.93 

8 2.47 1.17 -2.48 29 .020 -0.53 

9 2.43 1.10 -2.83 29 .008 -0.57 

10 2.30 1.18 -3.25 29 .003 -0.70 

11 2.00 1.05 -5.22 29 .001 -1.00 

12 2.13 0.78 -6.10 29 .001 -0.87 

13 1.57 0.86 -9.11 29 .001 -1.43 

14 1.53 0.57 -14.12 29 .001 -1.47 

Note. Mean scores below 3 indicate agreement (positive perception). Mean Difference =Item Mean − 3. 

 

The results of the one-sample t-tests confirmed 

that the mean scores of all 14 questionnaire 

items were significantly lower than the neutral 

midpoint (p < .05), indicating statistically 

significant positive attitudes toward spaced 

repetition across all dimensions assessed. The 

strongest agreement was observed for Items 2 

and 14 (M = 1.53), reflecting learners’ strong 

beliefs that spaced learning enhances 

knowledge retention and their overall 

endorsement of spaced instruction. Items 3 (M 

= 1.60) and 13 (M = 1.57) also yielded notably 

low means, indicating that learners perceived 

improved recall speed and expressed a clear 

preference for adopting spaced practice in the 

future. While all items reached statistical 

significance, Items 8 (M = 2.47, p = .020) and 9 

(M = 2.43, p = .008) had means closer to the 

midpoint compared to other items, suggesting 

that although learners held positive views 

toward the motivational and boredom-reducing 

effects of spacing, these perceptions were 

relatively more moderate. This may indicate 

that while the cognitive benefits of spaced 

repetition were strongly perceived, its affective 

impact on sustained interest varied among 

learners. 

Overall, the findings demonstrate that 

learners held favorable cognitive and attitudinal 

perceptions of digitally scheduled spaced 

vocabulary learning. When considered 

alongside the statistically significant 

performance gains observed in the 

experimental group, these results provide 

converging evidence for the effectiveness of the 

intervention. 

 

RQ Three: Learners’ Attitudes toward Using 

Quizlet Digital Flashcards with Spaced 

Intervals 

To address the third research question—what 

are the ESP learners’ attitudes toward using 

Quizlet digital flashcards with specific intervals 

for learning technical vocabulary—semi-

structured online interviews were conducted 

with 10 participants from the experimental 

group following the intervention. The 

interviews explored learners’ experiences 

through open-ended questions focusing on key 

areas such as motivation, engagement, 

perceived learning outcomes, and the overall 

experience of using scheduled intervals. All 

interviews were audio-recorded, transcribed 

verbatim, and subjected to thematic content 

analysis. The analysis resulted in the 

identification of four recurrent themes 
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reflecting learners’ experiences with the 

intervention. These themes and their frequency 

of occurrence are presented in Tables 12 and  

13. 

Table 12: Interview Themes Identified Through Content Analysis 

Interview themes Respondents 

Motivation 5 

Improved Engagement 4 

Creating a Competing Environment 3 

Improving the capacity for vocabulary learning 4 

 

Table 13: Representative Quotations for Each Theme 

Theme Participant Representative Quotation 

Motivation P2 
“I felt motivated to keep going because I knew the next 
review session was already planned. It pushed me to 
prepare better each time.” 

 P5 
“The intervals gave me something to look forward to. I 
wanted to see if I could remember more words than the 
last time.” 

 P7 

“Honestly, before this method, I used to just memorize 
words the night before the exam. But with spacing, I felt 
more driven to study regularly because I didn’t want to 
fall behind.” 

Improved 
Engagement 

P1 

“Every time I reviewed the flashcards, I noticed I was 
paying more attention to the details of each word—like 
spelling and how it’s used in a sentence—because I had 
seen it before and could focus on deeper things.” 

 P4 
“The different activities on Quizlet—matching, writing, 
listening—kept me involved. I didn’t just passively look at 
words; I actually worked with them each session.” 

 P9 
“I found myself spending more time on the flashcards 
than I expected. The spaced schedule made each session 
feel manageable, so I didn’t skip any.” 

Creating a 
Competitive 
Environment 

P3 
“When we had timed activities, it felt like a challenge. I 
kept trying to beat my own score, and that made me 
focus more.” 

 P6 
“I liked that there was time pressure. It made me take the 
practice seriously, almost like a game. I competed with 
myself to get faster.” 

 P10 
“Seeing my progress over the sessions was motivating. I 
wanted to do better each round, and the time limits made 
it more exciting.” 

Improving the 
Capacity for 

Vocabulary Learning 
P1 

“After a few weeks, I realized I could recall architectural 
terms without struggling. The repeated exposure at 
different times really helped the words stick in my 
memory.” 

 P4 

At first, the technical words seemed impossible to 
remember. But after reviewing them several times with 
gaps in between, they became familiar. It was like my 
brain had more room for new words.” 

 P8 
“I noticed that I could handle more vocabulary items by 
the end. The spacing made it less overwhelming—I didn’t 
feel like I was cramming everything at once.” 

 P5 
“The intervals helped me process each word better. By 
the third or fourth review, I didn’t even need to think 
hard—the meaning just came to me naturally.” 



59                                                                                                                                                            Tech. of Edu. J. 20(1): 43-64, Winter  2026 

Theme 1. Motivation: Motivation emerged as 

the most frequently mentioned theme, 

reported by five out of ten participants. 

Learners described the scheduled intervals as 

stimulating and energizing, explaining that the 

structured timing of review sessions increased 

their willingness to remain involved in 

vocabulary practice. As P2 explained, knowing 

that review sessions were pre-planned created 

a sense of purpose and encouraged more 

consistent preparation. P7 highlighted a shift 

from last-minute memorization habits toward 

regular, distributed study, attributing this 

change to the accountability created by the 

spaced schedule. Participants generally 

conveyed that the predictability and structure 

of the intervals transformed vocabulary study 

from a burdensome task into an achievable 

routine. 

Theme 2. Improved Engagement: Improved 

engagement was another prominent theme, 

mentioned by four participants. Learners 

indicated that the spaced format encouraged 

consistent interaction with vocabulary items 

and supported deeper processing of word 

meanings, spelling, and contextual usage. P1 

noted that repeated encounters with the same 

items allowed attention to shift from surface-

level recognition to more detailed processing of 

usage and form. P4 emphasized the role of 

Quizlet’s varied activity modes—such as 

matching, writing, and listening exercises—in 

sustaining active involvement across sessions. 

P9 remarked that because each spaced session 

felt manageable in length, the likelihood of 

skipping practice was reduced, which 

contributed to sustained engagement over the 

six weeks. 

Theme 3. Creating a Competitive 

Environment: The theme of a competitive 

learning environment emerged in three 

interviews. Participants described the time 

constraints embedded in certain Quizlet 

activities as creating a sense of challenge, which 

fostered focus and persistence. Rather than 

perceiving the time limits as restrictive, learners 

viewed them as motivating elements that 

enhanced their involvement in the learning 

process. P3 and P6 both described competing 

against their own previous scores as a source of 

motivation, while P10 noted that tracking 

visible progress over sessions reinforced a 

sense of achievement and encouraged 

continued effort. 

Theme 4. Improving the Capacity for 

Vocabulary Learning: Four participants 

reported that structured spaced repetition 

expanded their perceived capacity for learning 

technical vocabulary. P1 described a noticeable 

reduction in the effort required to recall 

architectural terminology after several spaced 

review cycles. P4 reported that words that 

initially seemed difficult gradually became 

familiar through repeated encounters 

distributed over time, reducing the sense of 

cognitive overload. P8 emphasized that spacing 

made the learning process less overwhelming 

by distributing the vocabulary load across 

manageable sessions rather than concentrating 

it within a single study period. P5 described a 

shift toward more automatic retrieval, noting 

that after multiple spaced reviews, meanings 

surfaced without deliberate effort. 

Overall, the qualitative findings corroborate 

the quantitative questionnaire and test results. 

Learners not only demonstrated measurable 

improvement in technical vocabulary 

acquisition but also articulated positive 

cognitive and motivational experiences 

associated with digitally scheduled spaced 

practice. The convergence of performance data 

and thematic evidence strengthens the overall 

interpretation that structured spaced repetition 

can effectively enhance both vocabulary 

learning outcomes and learner engagement in 

ESP contexts. 
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Discussion  

 

The present study examined the impact of 

scheduled spaced intervals implemented 

through Quizlet digital flashcards on ESP 

learners’ acquisition of technical vocabulary. 

The findings demonstrated that although both 

groups improved over the six-week 

intervention, the experimental group—who 

practiced vocabulary at predetermined 

intervals—outperformed the control group 

significantly. These results provide empirical 

support for the superiority of spaced practice 

over non-scheduled or massed digital review in 

ESP vocabulary learning contexts. 

The quantitative findings demonstrated that 

the experimental group achieved significantly 

greater vocabulary gains than the control 

group, as confirmed by the independent-

samples t-test on gain scores, t(58) = -5.456, p < 

.001. The mean gain of the experimental group 

(M = 5.48) was substantially larger than that of 

the control group (M = 0.16), indicating that 

structured spaced intervals were the primary 

factor driving vocabulary improvement. This 

interpretation is consistent with cognitive 

research indicating that retrieval distributed 

over time strengthens consolidation processes 

and supports durable retention [12-24]. 

Beyond achievement scores, the 

questionnaire results revealed that learners 

perceived spaced digital learning as more 

efficient, less cognitively overwhelming, and 

more enjoyable. Participants reported greater 

autonomy, flexibility, and sustained 

engagement when using Quizlet with defined 

intervals. These affective findings are 

particularly significant in ESP contexts, where 

technical vocabulary is often perceived as 

demanding and demotivating. Research in 

mobile-assisted and technology-enhanced 

language learning similarly suggests that 

structured digital environments can increase 

motivation and self-regulated engagement 

when learning sequences are pedagogically 

organized [28-29]. 

Although the present study did not directly 

measure constructs from the Technology 

Acceptance Model (TAM) or the Theory of 

Planned Behavior (TPB), the results appear 

theoretically consistent with these frameworks. 

Learners’ positive perceptions of structured 

Quizlet use suggest enhanced perceived 

usefulness and perceived ease of use, two 

central determinants of technology adoption in 

TAM. Moreover, the increased willingness to 

continue using the application may reflect 

strengthened behavioral intention, a key 

component of TPB. Therefore, while TAM and 

TPB were not empirically tested in this study, 

the findings provide indirect support for their 

explanatory relevance in technology-mediated 

ESP learning environments. 

Qualitative interview data further enriched 

these interpretations. Participants described 

the spaced sessions as engaging, competitive, 

and cognitively manageable. Features such as 

repeated exposure across different activity 

modes (e.g., matching, listening, writing, and 

live games) appeared to facilitate retrieval 

strength and response speed. Importantly, 

learners emphasized that spacing reduced 

feelings of overload and enhanced confidence 

in using newly acquired architectural 

terminology. These perceptions correspond 

with the quantitative improvements observed 

in post-test scores. 

The present findings extend the results of 

Lotfolahi and Salehi [19], who demonstrated 

the long-term advantages of spaced practice 

over massed learning among young EFL 

learners. Unlike their study, however, the 

current research situates spacing within a 

digital ESP environment and integrates affective 

dimensions through survey and interview data. 

Similarly, the results are consistent with Nakata 
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[18], who reported learners’ positive 

perceptions toward spaced schedules in 

computer-assisted vocabulary learning. The 

findings also resonate with Serfaty and Serrano 

[20], who found that the interval between 

Quizlet practice sessions influenced the 

retention of newly learned foreign-language 

vocabulary.  

In the present study, the combination of 

academic relevance, structured intervals, and 

interactive digital tools appears to have 

strengthened both retention and learner 

motivation. Furthermore, consistent with 

research highlighting the positive attitudinal 

impact of technology integration [30-29-32], 

participants expressed increased enjoyment 

and reduced resistance toward vocabulary 

learning when technology was purposefully 

structured. 

Overall, the study demonstrates that the 

pedagogical value of digital flashcards does not 

lie merely in their technological features, but in 

how they are strategically integrated into 

instructional design. Structured spacing, rather 

than unsystematic repetition, appears to be the 

critical factor enhancing technical vocabulary 

acquisition in ESP contexts. 

 

Conclusions 

 

Aiming to determine the efficacy of spaced 

repetition in technical vocabulary learning, this 

study investigated the impact of digitally 

scheduled review on Iranian undergraduate ESP 

learners in Architecture. The findings confirm 

that a structured two-day interval schedule 

significantly enhances retention compared to 

unstructured digital practice, reinforcing the 

cognitive principle that distributed retrieval 

strengthens memory consolidation. These 

results extend existing evidence on spaced 

repetition to the specific domain of digitally 

mediated ESP instruction. Furthermore, the 

study highlights that learners not only achieve 

superior academic outcomes but also hold 

strongly positive perceptions of this approach, 

viewing it as a valuable and engaging tool. 

Consequently, integrating spaced repetition 

algorithms into ESP curricula appears to be a 

pedagogically sound and learner-friendly 

method for fostering durable vocabulary 

knowledge.  

Beyond the primary performance metrics, 

the study explored learner perceptions, 

revealing a strong consensus on the efficacy of 

spaced repetition in retaining technical 

vocabulary. While cognitive benefits such as 

improved recall speed and long-term memory 

consolidation were universally acknowledged, 

affective factors like motivation and 

engagement displayed a nuanced pattern, 

varying slightly across individuals. Qualitative 

insights deepened this understanding by 

highlighting four pivotal themes: heightened 

motivation, sustained engagement, a 

competitive learning atmosphere, and 

expanded vocabulary capacity. Participants 

emphasized that the structured intervals 

instilled a sense of accountability, shifting their 

approach from superficial recognition to deep, 

contextual processing of architectural 

terminology. Moreover, the time-bound nature 

of the digital tasks fostered a healthy 

competitive spirit that maintained focus, while 

the distributed practice significantly alleviated 

cognitive load, rendering complex concepts 

more manageable. Ultimately, these findings 

suggest that integrating spaced repetition into 

ESP curricula not only optimizes retention but 

also cultivates a psychologically supportive 

environment that encourages persistent and 

meaningful learning. 

Synthesizing the quantitative and qualitative 

evidence, this study concludes that the 

pedagogical efficacy of digital flashcards hinges 

not on their technological features, but on the 
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strategic integration of cognitive mechanisms 

like spaced retrieval. When these tools are 

designed around theoretical principles rather 

than used as ad hoc resources, they significantly 

enhance vocabulary retention and foster 

positive learner attitudes. These findings 

resonate with the Technology Acceptance 

Model and the Theory of Planned Behavior, 

underscoring that perceived usefulness and 

behavioral control are pivotal in sustaining 

engagement with learning technologies. 

These findings offer critical implications for 

ESP pedagogy and curriculum design. First, 

technical vocabulary acquisition in specialized 

fields requires intentional instruction paired 

with structured spaced repetition, rather than 

relying solely on incidental learning. Second, 

digital platforms like Quizlet and Anki are 

effective for implementing these principles, 

provided review intervals are systematically 

planned by instructors rather than left to 

learner discretion. Third, educators should 

embed spaced scheduling as a core syllabus 

component, treating technology as an essential 

instructional tool rather than an optional 

supplement. Finally, the positive learner 

perceptions suggest that this approach can 

mitigate the affective barriers of dense 

terminology, thereby enhancing learner 

autonomy and sustaining motivation. 

Several limitations warrant 

acknowledgment. First, the use of convenience 

sampling from a single institution restricts the 

generalizability of findings to other contexts. 

Second, the sample size of 60 participants, 

while sufficient for large effects, limits 

statistical power. Third, the quasi-experimental 

design using intact groups, despite baseline 

equivalence, leaves room for uncontrolled pre-

existing differences. Finally, the exclusive focus 

on receptive vocabulary via multiple-choice 

items overlooks productive skills 

(speaking/writing), potentially underestimating  

the full scope of lexical acquisition. Fifth, the six-

week intervention lacked a delayed post-test, 

leaving long-term retention effects unverified. 

Sixth, the control group used Quizlet without 

structured spacing; thus, the study isolates the 

spacing variable but limits conclusions 

regarding the broader efficacy of digital 

flashcards versus traditional methods. Seventh, 

qualitative data relied on self-reports, which 

may be influenced by social desirability bias. 

Eighth, instruction by a single instructor, while 

controlling for teacher variability, may 

constrain ecological validity if specific instructor 

characteristics drove the outcomes. Finally, 

administering the questionnaire only to the 

experimental group post-intervention 

prevented comparative analysis of perceptions 

between groups and pre-post attitude changes. 

To address the limitations and extend 

findings, future research should prioritize 

investigating the transfer of spaced repetition 

benefits to productive vocabulary skills, such as 

speaking and writing. Longitudinal designs 

incorporating delayed post-tests at intervals of 

several months are essential to assess the 

durability of these learning effects. To enhance 

generalizability, subsequent studies ought to 

employ larger, multi-institutional samples 

across diverse ESP disciplines, including 

engineering and medicine, to determine if 

disciplinary context moderates retention. 

Furthermore, researchers should systematically 

compare various digital flashcard platforms and 

spacing algorithms to identify optimal 

configurations and explore how spaced 

repetition interacts with broader pedagogical 

frameworks like task-based or communicative 

language teaching. Finally, methodological rigor 

can be strengthened by administering pre-test 

questionnaires to both groups, adapting post-

tests to capture the control group’s 

experiences, and supplementing self-reports 
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with objective engagement metrics, such as 

platform usage analytics. 
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Appendix 
Semi- Structured Interview Questions: The following 

questions were used to guide the interviews with 

participants from the experimental group:  

1- How did the use of Quizlet with scheduled intervals 

affect your motivation to learn the technical vocabulary?  

2- Can you describe your level of engagement with the 

tool? Did the specific timing make you more or less 

involved in the learning process?  

3- Did you experience any sense of challenge or 

competition due to the time constraints? How did this 

influence your focus?  

4- In your opinion, how did this spaced repetition 

method impact your capacity to learn and retain the new 

words compared to other methods? 
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