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Enhancing Problem -Solving Skills with Smart 

Personal Assistant Technology 

Research Paper 

Abstract 

Smart Personal Assistants (SPAs; such as Amazon’s Alexa or Google’s Assistant) let 

users interact with computers in a more natural and sophisticated way that was not 

possible before. Although there exists an increasing amount of research of SPA 

technology in education, empirical evidence of its ability to offer dynamic scaffolding to 

enhance students problem-solving skills is still scarce. To fill this gap, the aim of this 

paper is to find out whether interactions with scaffolding-based SPA technology enable 

students to internalize and apply problem-solving steps on their own in a 10th grade high 

school and a vocational business school class. Students in the experiment classes 

completed their assignments using Smart Personal Assistants, whereas students in the 

control classes completed the same assignments using traditional methods. This study 

used a mixed-method approach consisting of two field quasi-experiments and one post-

experiment focus group discussion. The empirical results revealed that students in the 

experiment classes acquired significantly more problem-solving skills than those in the 

control classes (Study 1: p = 0.0396, study 2: p < 0.001), and also uncovered several 

changes in students’ learning processes. The findings provide first empirical evidence 

for the value of using SPA technology on skill development in general, and on problem-

solving skill development in particular.  
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Keywords:  Smart Personal Assistant Technology, Problem-solving skills, Scaffolding, 

Technology-mediated learning, Mixed-method, Field quasi-experiment. 

1 Introduction 

Today’s organizations increasingly need employees who are able to deal with fast-

changing environments and solve non-routine problems (OECD 2014). There is clear 

evidence of this shift in the skills requested in several countries, such as Germany and 

the United States (David et al. 2006; Spitz-Oener 2006). According to predominant 

constructivist learning theories, students need individual interaction with a personal tutor 

to best learn these skills (Vygotsky 1978). However, educational institutions such as 

high schools, vocational schools, and universities struggle to offer this kind of individual 

support due to financial and organizational constraints (Rietsche et al. 2018). The 

growing number of classroom sizes in high schools and vocational schools, mass 

lectures at universities with more than 100 students per lecturer, and massive open 

online courses (MOOCs) with more than 1,000 participants make individual interaction 

with a teacher or tutor even more difficult (Oeste et al. 2015). The tension between 

increasing student-educator ratios and the need for individual interaction raises the 

question of how to offer individual support to students to enable them to gain the 

necessary problem-solving skills. 

Research in the area of technology-mediated learning has tried to address this 

challenge by leveraging the potentials of IT. In specific, there is a huge body of literature 

reaching back over 40 years in which educational researchers have examined the 

impact of computer tutoring systems on learning outcomes (Kulik and Fletcher 2016). In 
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the last five to ten years, a lot of researchers were able to show that step-based 

computer tutoring systems were nearly as effective as average human tutors and more 

effective compared to no tutoring condition and teacher-led classroom instruction (Ma et 

al. 2014; Nesbit et al. 2014; Vanlehn 2011). “Step-based” means that the tutor 

evaluates and reacts to each step that the student makes in a problem-solving session 

as opposed to evaluating only the final answer given by the student. Many of these 

systems use some kind of scaffolding strategy to support students’ learning processes. 

Scaffolding strategies describe the way learning activities are broken up into smaller 

pieces and how tools and structures help students gain more knowledge (Kim and 

Hannafin 2011). Saye and Brush (2002) distinguish between static and dynamic 

scaffolds. Static scaffolds are static supports that can be anticipated and planned in 

advance based on typical student difficulties with a task. In contrast to static scaffolds, 

computer tutoring systems try to use dynamic scaffolds which are situational and 

requires the system to continuously diagnose the understandings of students and 

provide timely support based on student responses.  

Despite the proven effectiveness of scaffolding-based computer tutoring systems in the 

past (Graesser et al. 2018), these systems have struggled to reach widescale adoption 

in learning environments (Nye 2014). Many of the existing computer tutoring 

implementations rely on rather complicated software architectures that require a lot of 

technical know-how, time, and effort to build and maintain these systems (Afzal et al. 

2019). This is why they are mostly used in technology-savvy domains, such as 

computer science courses (Hooshyar et al. 2016). A new emerging consumer 

technology called Smart Personal Assistants (SPAs, e.g., Amazon’s Alexa, Google’s 
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Assistant or Apple’s Siri), can be an important next step for providing dynamic scaffolds 

to support students learning process across different domains, because these systems 

have a very high degree of interactivity and intelligence and can be developed without 

much technical know-how, time and effort. By 2022, it’s predicted that SPAs will run on 

870 million devices, which will significantly increase the exposure of many people to this 

technology (Perez 2017). Experts anticipate that artificial intelligence (AI) in education 

will grow by 43% in the period 2018-2022 (Educause 2019). An SPA is an AI application 

that uses inputs – such as the user’s voice, vision (images), and contextual information 

– to provide assistance by answering questions in natural language, making 

recommendations, and performing actions (Hauswald et al. 2015). SPAs include an 

agent program that runs on SPA-enabled devices (endpoints) – such as Apple’s iPhone, 

iPad, and Mac, or Amazon’s Echo or Google’s Home. In contrast to often-used 

computer tutoring systems, the main functionality of SPAs is typically “black-boxed” and 

is housed as a cloud service of big tech companies to handle incoming voice or text 

data and produce outputs (Chung et al. 2017).  

One of the AI software application categories in education that Luckin et al. (2016) 

describe is intelligent tutoring systems. Intelligent tutoring systems (ITS) can be used to 

simulate one-to-one personal tutoring. Based on learner models, algorithms, and neural 

networks, they can make decisions about the learning path of an individual student, 

select the content, provide scaffolding, and help to engage the student in a dialogue to 

improve students’ knowledge and skill development. SPAs can be seen as a new 

subtype of ITS that calls for fresh research for studying their influence (Terzopoulos and 

Satratzemi 2019).  
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Compared to other subtypes of ITS, the novelty of SPAs lies in two major aspects which 

potentially fundamentally affect the way how they can offer scaffolds and support 

students: the underlying technology of SPAs as well as the creation and easy 

accessibility of SPAs for students and educators. In the past, ITS typically relied on rigid 

behavioral patterns, where action-conditioned, rule-based, bayesian networks and data 

mining were the most frequent AI techniques applied (Mousavinasab et al. 2018). Most 

of the ITS were only able to respond to simple requests by matching the user input 

against a set of stored patterns (McTear et al. 2016). There was no or little machine 

learning techniques incorporated in the system. However, based on advances in natural 

language understanding, natural language processing, and machine learning 

techniques such as deep learning, as well as higher computing power located on 

clouds, modern systems are now better able at detecting and classifying user intents. 

Nowadays, SPAs use mainly deep learning algorithms which help to model a large 

number of domains. These algorithms help SPAs to better recognize students’ 

utterances without the need of self-generated training data, which other types of ITS 

often still need (Kloos et al. 2020). One example is Amazon’s Alexa, which supports 

users to carry out everyday tasks via an advanced voice user interface, ultimately acting 

as their personal assistant. The natural language understanding and processing 

happens on a cloud hosted by Amazon and all students need is an App or standalone 

device such as Amazon’s Alexa Echo Dot. These technical advancements enable the 

systems to offer dynamic scaffoldings to students in a more natural and sophisticated 

way. SPAs can answer students’ questions via voice and immediately, so they can act 

as a private coach. 
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The second major aspect that differentiates SPAs from other types of ITS is their 

accessibility. SPAs are increasingly integrated in devices that students use every day 

(such as Google’s assistant, Apple’s Siri on smartphones, and Microsoft’s Cortana on 

desktop PCs) and accessible mostly via one click or voice command – which is why 

they have the potential to become daily companions in both their private and school 

lives. Furthermore, graphical user interfaces enable students and educators to easily 

create their own SPAs without having deep programming knowledge or using authoring 

tools specially developed for this purpose, in contrast to other ITS subtypes. SPAs can 

be differentiated into two types: (1) built-in SPAs that are included in multi-purpose 

devices (e.g., Siri for Apple products and Cortana for Windows-based PCs); and (2) 

stand-alone SPAs that are included in dedicated devices (e.g., Alexa that uses Echo, 

Echo Dot, and Tab dedicated devices). In our study, we implement both types of SPAs 

by enabling access via different devices.  

Given that the design and use of SPAs in education is an emerging field, most extant 

studies are explorative and only a few empirical studies exist that rigorously measure 

the effect of SPAs on learning performance. Canbek and Mutlu (2016) examined the 

potential effect of SPAs in learning environments by conceptually investigating potential 

use cases of different SPAs, such as Amazon’s Alexa and Apple’s Siri. They found out 

that one major benefit of SPAs is improving students’ listening and speaking skills 

without needing human tutors. Dousay and Hall (2018) observed how teachers and 

administrators perceive the implementation of 90 Amazon Alexa Echo Dots in four 

school districts in the US with approximately 900 students. Teachers and administrators 

used Alexa to set reminders for activities, events, student dismissals, student 
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medications, etc. They found out that one of the biggest challenges of implementing 

SPAs was the training of teachers and administrators. Jean-Charles (2018) focused on 

the perception of teachers regarding using SPAs in their learning environments. In 

specific, he asked pre-service teachers about their perspective on using Google’s 

Assistant in the classroom. One of the biggest concerns of the teachers was to keep the 

information secure while allowing the SPA to gather the data to perform its functions. 

Moreover, in agreement with Dousay and Hall (2018), Jean-Charles (2018) found out 

that most of the teachers did not feel prepared to use this technology in a meaningful 

way. Arend (2018) implemented an SPA for a specific learning environment. She 

implemented Apple’s Siri during a literacy activity in a third-year college English class. 

She used a conversation analysis approach and found out that one of the big 

advantages of interacting with Siri was that Siri triggered students to make their 

thoughts explicit, which helped them to structure their thinking processes. There are 

also a few studies that used SPA-like systems to support problem-solving skills. For 

example, Mavrikis et al. (2014) used a speech-based ITS, which helped students to 

think aloud significantly more than in past interactions and helped them to rephrase their 

language to employ mathematical language. Pai et al. (2020) created a text-based SPA 

that helped students solve mathematical problems using the method of remedial 

instruction and found increased motivation levels. Moreover, Damacharla et al. (2019) 

used Amazon’s Alexa for emergency care provider training to help avoid medical errors; 

they found that it resulted in more efficient and effective training.  

In summary, we see that the majority of existing empirical research in the area of SPAs 

and education is rather explorative (e.g., observations, qualitative interviews with 
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students and educators) and few empirical studies that rigorously measure the 

effectiveness of SPAs in learning environments exist (Dousay and Hall 2018; Jean-

Charles 2018). In particular, empirical studies are lacking when it comes to longitudinal 

effects, e.g., whether SPAs can help to train certain skills over the course of a longer 

period of time. This is crucial, since we know from prior research that the development 

of skills takes time and is difficult to achieve within a single short experiment 

(Soderstrom and Bjork 2015). To contribute to a better understanding of the usefulness 

of SPA technology in education, this paper seeks to answer the following two research 

questions: 

RQ1: Does using a Smart Personal Assistant help students develop their problem-

solving skills? 

RQ2: How does using Smart Personal Assistant technology influence the learning 

process of students?  

The paper is grounded within the constructivist learning paradigm (Glasersfeld 1987), 

which describes learning as a change in meaning constructed from experience. In 

constructivist learning environments, educators shift from the role of the knowledge 

provider to the role of the personal coach for learning. With the SPAs developed in this 

paper, we too adopt this perspective of the individual coach. Two characteristics seem 

to be central for the constructivist learning process. First, constructivist instruction asks 

students to use their knowledge to solve problems that are meaningful and realistically 

complex. Second, it only offers scaffolding when students require it rather than 

providing one-size-fits-all solutions (Ertmer and Newby 1993). Additionally, the ICAP 

Framework proposed by Chi and Wylie (2014) states that an interactive learning 
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behavior of a the students is most effective. The SPAs developed in this study build on 

these insights by helping students to apply their knowledge (application of problem-

solving steps) and by offering help through dynamic scaffolding only when students 

require it in order to bring students into an interactive learning behavior. 

2 Method 

To answer our research questions, we created a quasi-experimental design, where we 

complement the quantitative results of two field quasi-experiments (RQ1) with the 

qualitative insights of a post-experiment focus-group discussion (RQ2). Quasi-

experimental designs in education are adopted in cases where random formation of 

groups is not possible and therefore experimental and control groups are formed with 

already-existing classes (Fraenkel et al. 2011). In two different schools, we conducted 

pre-tests to check whether classes within each school are similar in terms of initial 

problem-solving skills, gender, age, school grades in the relevant subject, personal 

innovativeness, and pre-experience with SPAs. The pre-test scores showed that within 

each school, the two classes were similar. Thus, we were able to randomly choose one 

to be the experimental class that follows an intervention program in each school. 

Detailed pre-test results and student characteristics can be seen in Appendix G. 

2.1 Background and Setting 

We selected classes from a second-year high school (October/November 2018) and a 

second-year vocational business school (January/February 2019) for the experimental 

and control groups. The choice of implementing SPAs in these learning environments 

has two main benefits. First, in each school, the experiment class and control class 
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were similar. Moreover, in each school, the two classes had the same teacher and the 

same learning content, making the two classes suitable for a field quasi-experiment 

approach. Second, choosing two different school types allowed us to widen the scope of 

our study and strengthen our results. In a high school, school performances are usually 

better as students aim to prepare themselves for university. In a vocational business 

school, school performances are generally a bit lower as students tend to start to work 

after school. Both schools we chose are located in the capital city of its region. The high 

school had approximately 1,300 students in total and eleven second-year classes and 

the vocational business school had 500 students in total and five second-year classes. 

Both experiment and control classes took courses on the “Introduction into law”, which 

is a unit in the business and law curriculum. We chose this unit for two reasons. First of 

all, it is the first occasion that students come into contact with law, therefore students 

have no pre-knowledge and the classes are comparable. Second, the unit includes the 

solving of legal problems and is therefore very suitable for the acquisition of problem-

solving skills (the focus of the study). 

The experimental groups completed the module with SPA technology, while the control 

groups completed the same module with traditional paper-based learning materials. 

Within each school, the same teacher taught the experiment class and the control class. 

The relevant teacher in both schools was very experienced, having taught for over 25 

years in different types of schools (elementary school, high school, vocational school, 

etc.). They reported using technology with their students daily (computer-based 

teaching, tablet-based teaching, etc.). Over the experiment period of five weeks, both 

classes in both schools had to complete the same module with the same six learning 

Jo
urn

al 
Pre-

pro
of



  

  

  11 

goals (LG). These learning goals are depicted in Appendix A. The teachers used the 

same teaching methods in both classes, consisting of frontal teaching, followed by 

individual and partner work. None of the students in the four classes had had law-

related subjects before.  

2.2 Sample 

Following Sahin and Yilmaz (2020), we used convenience sampling in this study, 

meaning that we chose the schools from two different school types that had two 

comparable classes and were willing to participate in the study. 

2.2.1 Experiment 1 in High School 

The sample in experiment 1 consisted of students in two second-year classes of a high 

school. The experiment class had 9 males and 13 females, with an average age of 16.9 

years. The control class had 11 males and 12 females, with an average age of 17.1 

years. We conducted ANOVA tests to make sure that the experiment and control class 

were similar. The tests revealed no significant differences regarding gender (p = 0.650), 

age (p = 0.788), school grades in business and law (p = 0.558), pre-experience with 

SPAs (p = 0.941), personal innovativeness (p = 0.191), and the pre-test problem-solving 

skill results (p = 0.774). This experiment class did not participate in the post-experiment 

focus group discussion. 

2.2.2 Experiment 2 in Vocational Business School 

The sample in experiment 2 consisted of students in two second-year classes of a 

vocational business school. The experiment class had 12 males and 10 females, with 
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an average age of 17.4 years. The control class had 12 males and 11 females, with an 

average age of 17.2 years. We conducted ANOVA tests to make sure that the two 

classes were similar. The tests revealed no significant differences in the background of 

the students in the two classes in terms of their gender (p = 0.248), age (p = 0.743), 

school grades (p = 0.100), pre-experience with SPAs (p = 0.552), personal 

innovativeness (p = 0.332), and the pre-test problem-solving skill results (p = 0.376). All 

students of the experiment class of this school participated in the post-experiment focus 

group discussion. 

2.3 Task and Smart Personal Assistant Design 

Between the end of week 1 and the end of week 4, the students had to do four 30-

minute, problem-based, homework assignments for learning goals (LGs) 2, 3, 4 and 5. 

LG 1 was part of the in-class introduction of the related subject. The homework 

assignments were designed and developed together with the two class teachers. The 

homework assignments contained problem tasks related to the difference between 

morality, custom, and law as well as the fundamental rights “freedom of opinion”, 

“freedom of religion”, and “property guarantee”. All four classes received the task 

catalog as a paper-based script. The students from the experiment classes used 

Amazon’s Alexa for the homework assignments. The students from the control classes 

received an additional paper-based script with steps and hints that are also included in 

the Alexa Skill. All the homework assignments were in the same style as the pre- and 

post-test tasks. Furthermore, they fulfilled the requirements of a problem-based task 

according to Jonassen (2000). Accordingly, the tasks were open-ended, unstructured, 
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resonated with the students’ experience, and realistic. As an example, in Appendix B, 

we show homework assignment 2 and how it addresses these requirements.  

We used the Amazon’s Alexa Voice Services (AVS) and the Amazon Web Services 

(AWS) for two reasons. First of all, AVS offers an intuitive graphical interface to design 

the SPAs (Amazon 2019). Second, Alexa’s Skill Development Kit 2.0 seems to offer one 

of the most developed state-of-the-art capabilities regarding natural language 

understanding and processing. The database (data related to the problem-solving 

steps, Alexa’s answers for each problem-solving step with each assignment, etc.) and 

corresponding functions are developed and stored in AWS Lambda.  

The implemented dialog flow was derived by scaffolding theory and included static and 

dynamic scaffolds with a proactive and reactive logic. In the proactive logic, the SPA 

provided static scaffoldings that guided students through the task by using five different 

problem-solving activities adapted from Kim and Hannafin’s (2011) problem-solving 

phases (see grey rectangles on the left side in Figure 1): (a) problem identification and 

engagement, (b) problem exploration, (c) problem reconstruction, (d) solution 

presentation and communication, and (e) reflection and negotiation. For example, in a 

first step (related to problem identification and engagement), the SPA asked the 

students to identify the core of the problem. These scaffolds were the same for each 

student and each task. Alexa has started with the first step as soon as the students 

have chosen one of the four homework assignments. 

In the reactive logic, the SPA provided dynamic scaffolds by providing feedback on 

students’ partial solutions and answering students’ questions while working on the 

problem steps. With the help of AWS Lambda functions, we tracked the current 
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progress of the students. The SPA was therefore able to recognize whether an answer 

was wrong or right and responded accordingly. For example, in Figure 1, the SPA gave 

a “Are you sure …” response. Moreover, the SPA was able to provide feedback to three 

different types of questions or queries. Type 1 was the students’ query to skip to the 

next step. Type 2 was content-specific questions (concept clarifications, asking for hints, 

etc.). In Type 3, the students requested to repeat the current problem-solving step (see 

grey rectangles on the left side). For example, in Figure 1, the student asked a content-

specific question whether it is public law and the SPA provided feedback. Whenever 

Alexa was not able to understand the students, it invoked a fallback intent that allowed 

students to rephrase the question or jump to the next problem-solving step.  

The proactive and reactive logic helps students to interact with the SPA in a 

conversational manner, thereby internalizing the problem-solving steps, which should 

result in a gain of their problem-solving skills. As an example, Figure 1 shows an 

excerpt of a student dialogue and the corresponding proactive and reactive functions.  

Jo
urn

al 
Pre-

pro
of



  

  

  15 

 

Figure 1. Example dialogue between the student and SPA, and corresponding 

proactive and reactive logic. 

A key challenge when designing SPA-based learning materials for experimental 

treatments is information equivalence. Larkind and Simon (1987) argue that two 

representations are informationally equivalent if all the information from one 

representation can also be inferred from the other representation and vice versa. This 

ensures that differences stem from the technology itself, rather than the content of the 

treatment. Therefore, we included all the information incorporated in the SPA also on 

the paper-based learning materials provided for the control class. Students in the 

control class received an additional script (separate from the task script) containing all 

the steps and hints that are also included in the Alexa Skill. Figure 2 shows parts of the 

additional script, which is the same excerpt as in Figure 1. 
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Figure 2. Excerpt of additional script for homework  assignment 2 provided for 

control group. 

2.4 Experimental Procedure 

Figure 3 depicts the study timeline for experiments 1 and 2.  
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Figure 3. SPA experiment implementation timeline 

Several tasks were conducted before the experiment started, i.e., during the pre-

experiment state. During a lesson, all students completed a survey to help identify and 

control for pre-existing class differences (see Appendix C). Also, the classroom 

teachers administered a 30-minute, 3-subtask pre-knowledge test to all students to 

compare the knowledge level of each class. Moreover, the research team organized a 

pre-experiment meeting with the teachers to discuss the experiment details with them 

and to ensure that both classes are taught the same way over the period of the 

experiment.  

In week 1, we installed the Amazon Alexa Echo Dot devices in the experiment classes 

and helped students to install the accompanying Alexa software on their smartphones, 

tablets, and laptops. At the end of week one, we ensured that students in the 

experiment classes had access to Alexa on one or more devices. After week 1, all four 

classes received their four homework assignments in the form of a paper script (non-

digital). The experiment classes were instructed to use Alexa on their preferred devices 

(standalone device, smartphone, tablet and laptop) while conducting their homework 

assignments. The experiment group students did not use SPAs during class. The 

control classes were instructed to use the paper-based learning materials that were sent 

to them in form of an additional script (with exactly the same amount of information as 

on Alexa). At the end of week 4, all students submitted their homework assignments. 

One week later, they took their 30-minute post-knowledge test and post-experiment 

survey. The teacher was instructed to not discuss the homework assignments before 
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the students conducted the post- knowledge test to ensure that the final results were not 

corrupted. In the post-experiment phase, the experiment class in the vocational 

business school participated in a 45-minute focus group discussion. 

2.5 Measurement and Analysis 

2.5.1 Quantitative Data 

For measuring problem-solving skills (dependent variable), we constructed a 3-task pre- 

and post-experiment tests. The tasks were similar to the homework assignments, all 

addressing the requirements of problem-based tasks proposed by Jonassen (2000). 

The pre-test and post-test had the same number of tasks and possible top score and 

the tasks addressed learning goals 2, 3, 4 and 5 (see Appendix D). All tasks require the 

application of Kim and Hannafin’s (2011) problem-solving steps. Two teachers 

compared the pre-test and the post-test in terms of difficulty and found them to be 

similar. We analyzed pre-test and post-test results with three experienced raters 

independently and blinded with a pre-defined and commonly-discussed rating 

framework. One of the raters was the class teacher. The rating framework allowed us to 

evaluate the application of the problem-solving steps proposed by Kim and Hannafin 

(2011) giving points to each well-applied problem-solving step within a task (see 

Appendix E). The final scores of the pre- and post-test results arose from an average of 

the individual appraisals. The maximum number of points to be achieved was 36: i.e., 

12 points per task. Moreover, we calculated gain scores as the difference between a 

students’ posttest and pretest scores. We checked for inter-rater agreement on the pre- 

and posttest scores of the three raters with the help of Light’s Kappa for multiple raters 
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for both classes in both schools. The values for Study 1 and 2 are depicted in Table 1. 

The strength of agreement refers to the recommendation of Cohen (1960). 

Table 1. Interrater – Agreement Scores  

 Study 1: High school Study 2: Vocational school 

 Kappa P-value Strength of 

Agreement 

Kappa P-value Strength of 

Agreement 

Pre-

knowledge 

test 

0.843 < 0.01 Very Good 0.742 < 0.01 Good 

Post-

knowledge 

test 

0.784 < 0.01 Good 0.610 < 0.01 Good 

 

The pre-experiment survey consisted of items regarding the students’ pre-experience 

with SPA, personal innovativeness, gender, and age. We asked students how often 

they use SPAs (e.g., Apple’s Siri) in a week to measure their pre-experience with SPAs. 

For personal innovativeness, we used the four items from van Raaij and Schepers’ 

(2008) scale. The detailed pretest-results and the detailed information about the 

similarity of the two classes can be found in Appendix G. The post-experiment survey 

included two open-ended questions. Question 1 was about the students’ perceived 

helpfulness of the learning aid (SPA or paper-based learning materials). Question 2 was 

treatment-specific, asking the experiment classes about their experiences with the 

SPAs used. The items of the post-survey are shown in Appendix F. 

To analyze the quantitative data, we conducted a one-way ANCOVA (analysis of 

covariance), including the pre-test scores as a covariate. ANCOVA helps to analyze 
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variances between the groups and control for covariates. It is therefore suitable for pre- 

and post-test designs (Dimitrov and Rumrill 2003). We calculated Cohen’s d (1988) to 

show the effect size. Moreover, we calculated 95% confidence intervals and used the 

statistic program R as a tool for analysis (Team 2013).  

2.5.2 Qualitative Data 

The focus group discussion has built on the open questions in the post-survey and 

addressed RQ2. It aimed to gain a more in-depth understanding of how SPA technology 

affects students’ learning processes. The discussion lasted 45 minutes and had one of 

the researchers as the facilitator. All students from the experiment class in the 

vocational business school participated. The focus group included the following steps. 

First, the facilitator introduced the goal of the group discussion (to gather students’ 

perceptions of using SPAs while learning). Second, students were asked to divide into 

workgroups of four to six and were invited to discuss and negotiate opinions about how 

they used the SPAs during their homework assignments. To help students structure 

their discussion, they received three broad subject areas identified from the post-survey 

responses: pros of using SPAs, cons of using SPAs, and neutral observations while 

interacting with SPAs. Finally, a plenary discussion moderated by the facilitator 

encouraged further discussion. We recorded the session, transcribed it, and used a 

thematic analysis to induce topics following the method of Ryan & Bernard (2003). 

Specifically, we used the keywords-in-context method for this study. With the help of 

this technique, we identified keywords indicating some aspects of the learning process 

with SPAs and then systematically searched the corpus of the transcribed text to find all 

instances of the word or phrase. Each time we came across an instance of the word or 
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phrase, we made a note of it and its immediate context. We identified themes by 

physically sorting the instances into piles of similar meaning (Ryan and Bernard 2003). 

Then, we conducted a respondent validation by getting participants to verify our 

identified themes.  

3 Quantitative Results 

First, we present the results related to our first research question: Does using a Smart 

Personal Assistant help students develop their problem-solving skills? 

3.1 Experiment 1 in High School 

Table 2 shows the means and standard deviations of the pre-knowledge and post-

knowledge test results and the gain scores. 

Table 2. Summary of Means  

 Experiment Class (SPA) Control Class (traditional learning materials) 

 Mean Std. Dev. N Mean Std. Dev. N 

Pre-knowledge 

test 

10.46 1.67 23 10.27 2.44 22 

Post-knowledge 

test 

23.15 4.33 23 20.63 5.60 22 

Gain scores 12.69 3.74 23 10.36 3.51 22 

To check that the assumptions for the ANCOVA model are met, we conducted statistical 

and visuals test for normality, homogeneity of variance, and homogeneity of regression 

slopes (see more details in Appendix H). In particular, we conducted a Shapiro-Wilk test 

to test the normality assumption (p = 0.8927), a Levene’s test to check for the 
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homogeneity of variance assumption (p = 0.7706), and an interaction analysis for the 

homogeneity of regression slopes assumption (p = 0.601). The test results (all are not 

significant) as well as the plots indicate that the assumptions for conducting an 

ANCOVA are met. We ran the ANCOVA with post-test scores as the dependent 

variable, the treatment group as the independent variable, and the pre-test score as a 

covariate. The tests show that, controlling for the pre-test, there is a significant relation 

between SPA usage and problem-solving skills: F (2, 42) = 4.514, r2 adjusted = 0.5255, 

p = 0.0396, confidence intervals for mean difference = -0.5929 and 5.6329, N = 45. 

Cohen’s d is 0.5178, indicating a difference between the means of 0.5178 standard 

deviations. Since this effect is considered as medium (Cohen 1988), we can assume 

that student interactions with SPAs have a positive effect on acquiring problem-solving 

skills compared to paper-based learning materials. Moreover, a comparison of the gain 

scores reveals that participants in the SPA group learned significantly more than 

participants in the paper-based learning materials group (p = 0.0400).   

3.2 Experiment 2 in Vocational Business School 

Table 3 shows the means of the pre-knowledge test and post-knowledge test results, 

including the standard deviations and gain scores. 

Table 3. Summary of Means  

 Experiment Class (SPA) Control Class (traditional learning materials) 

 Mean Std. Dev. N Mean Std. Dev. N 

Pre-knowledge test 11.7 1.63 22 10.67 2.16 23 

Post-test 27.95 3.27 22 21.88 3.67 23 
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Gain scores 16.25 3.50 22 11.21 3.74 23 

The statistical test results (Shapiro-Wilk test for normality assumption, p = 0.7847, 

Levene’s test for homogeneity of variance assumption, p = 0.7203, test for homogeneity 

of regression slopes, p = 0.260) and plots given in Appendix H indicate that all 

assumptions for conducting an ANCOVA are met. We ran the ANCOVA with the post-

knowledge test scores as the dependent variable, the treatment group as the 

independent variable, and the pre-knowledge test score as a covariate. Results of the 

ANCOVA indicate that, controlling for the pre-test, the relation between SPA usage and 

problem-solving skills is highly significant: F (2, 42) = 30.573, r2 adjusted = 0.42, p = 

1.88e-06, confidence interval for mean difference = 3.9172 and 8.2228, Cohen’s d = 

1.70, N = 45. Since the Cohen’s d for this result is considered as high (Cohen 1988), we 

assume that students’ interactions with SPAs have a positive effect on acquiring 

problem-solving skills compared to the use of traditional learning materials. Moreover, a 

comparison of the gain scores reveals that participants from the SPA group learned 

significantly more than participants from the paper-based learning materials group (p = 

8.17e-06).  

3.3 Focus Group Discussion 

Since our quantitative findings lead us to believe that interactions with an SPA have a 

positive effect on problem-solving skills, we now investigate our second research 

question about how SPAs affect students’ learning processes to gather deeper insights 

into the observed effect. The three main themes we identified from the focus group data 

are interaction, usage behavior, and individualization. The main topics and subtopics 
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and the corresponding frequencies of the statements are presented next (see Table 4) 

and further elaborated in section 4 (Discussion).  

Table 4. Subtopics identified from the focus group data  

Identified topics and subtopics  (out of a student’s perspective)  Frequency of 
Statements 

I. Interaction   

- I felt like having an interaction with a real tutor. 22 
- Receiving challenging questions and follow-up questions triggered my 

thinking processes. 
15 

- SPA responded immediately when I asked a question. 9 
II. Usage Behavior   

- Very convenient to use it on my smartphone similar to Google’s Assistant or 
Apple’s Siri. 

11 

- I also used the SPA on other learning places where I would normally study. 7 
III. Individualization   

- Felt like the SPA nearly always detected what my questions were about. 13 
- It was great that the SPA remembered the current status when I continued to 

work on a task. 
7 

- SPA only helped when I needed support. 4 
 

Interaction. This theme relates to SPA technology being able to build up a dialogue 

with the students. Several students mentioned that using the SPA while completing their 

assignments felt like having an interaction with a peer or a tutor. Students appreciated 

that the SPA listened to them and adapted its answers accordingly. Some students 

mentioned that they like to receive challenging questions and hints from the SPA; it 

helped them to think of the next solution steps. Other students perceived it as more 

exciting compared to “business as usual” paper-based learning materials. For example, 

one student commented: “I liked her [Alexa]. It felt like I was talking to a teacher. She 

responded immediately and also asked me challenging questions that helped me with 

the next steps.” Moreover, several students mentioned that they liked the way the SPA 

was helping them. Specifically, they said that they appreciated thinking on their own 
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about the solution first and that they could control when they received help. For 

example, one student commented: “It was nice that Alexa was waiting until I asked her 

for help. That helped me to first think on my own and only receive hints when I want.” 

Moreover, some students also mentioned that they liked saying their solutions out loud. 

While hearing themselves talk, they came up with new solution ideas more easily. For 

example, one student commented: “I liked speaking the answers out loud and not 

writing them down. When I hear myself, I get new ideas.” 

Usage Behavior. This theme relates to the different ways students used the SPAs 

compared to paper-based learning materials. Most of the students used the SPA on 

their smartphone rather than their standalone device and mentioned that it was really 

easy and fun to access Alexa similar to Google’s Assistant or Apple’s Siri. For example, 

one student commented: “It was like speaking with Siri. Just like having your personal 

tutor always in your pocket anytime and anywhere you want.” The easy access to the 

learning tutor on smartphones and also other devices (e.g., Amazon’s standalone 

device Amazon Echo Dot) led to a great variety of different learning locations. A handful 

of students indicated that they did their tasks in other places than usual. For example, 

one student commented: “When I was lying on my couch, I talked to Alexa a few times, 

too.” However, a few students also mentioned some areas where SPAs were not very 

functional. For example, when students were in public, they seldomly used Alexa 

because they felt uncomfortable talking to an SPA in public. One student commented: 

“First, I wanted to conduct the tasks in the train. But then I decided to do something 

else; speaking with my smartphone in front of others felt weird to me”. 
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Individualization. The third topic relates to the capacity of SPAs to recognize students’ 

individual characteristics. Some students mentioned that they appreciated that Alexa 

was able to adapt her answers to their utterances and prompted them individually until 

they were able to find their own solution. For example, one student commented: “It was 

helpful that Alexa recognized how she can help me discover the solution.” Moreover, 

some students mentioned that they liked that the SPA remembered the status of a 

partly-finished task so they could continue working from there next time. However, some 

other students wished that the SPA could recognize where students have their biggest 

weaknesses. For example, one student commented: “It would be great if she [Alexa] 

can remember our mistakes and then concentrate on helping us with that.” 

4 Discussion 

The aims of the current study were to investigate the effect of interactions with SPA 

technology on high school and vocational school students’ problem-solving skills and 

how these interactions impact their learning processes. We observed that the students 

in the experimental groups had higher increases in their levels of problem-solving skills 

and we discovered changes in how they learned. With the help of SPAs, students were 

able to build up individual interactions and receive individual support on devices they 

use every day. These quantitative and qualitative data indicate a positive effect of SPA 

technology. Interestingly, this effect was even stronger in vocational business schools 

where students’ characteristics are different. This study expands prior research around 

SPAs that used mainly explorative approaches (Dousay and Hall 2018). 
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Although the quantitative data of the rather small sample do not allow more detailed 

analyses, the qualitative data indicates reasons for the positive effect of interactions 

with SPA technology on problem-solving skills. First of all, SPAs are able to offer 

dynamic scaffolds that help to trigger students’ interactive learning behavior. According 

to the constructivist learning paradigm and the ICAP-framework (Chi and Wylie 2014), 

interactive learning behavior occurs when students discuss the learning content with 

others where both make a similar contribution. This behavior can be considered as the 

gold standard leading to better learning outcomes. Our findings suggest that SPAs 

might replace these discussion partners to some extent. This can also be shown by our 

qualitative findings indicating that students perceive the interaction with SPAs as similar 

to interactions with human tutors (theme 1 in the focus group discussion). This 

reawakens the discussion about the role of SPAs and other AI systems in education. 

Should AI systems be an educator-replacing or an educator-assisting technology? The 

role of AI used only for automation in education systems is questioned (Baker 2016). 

Cukurova (2019) argues that AI systems should be considered as on a continuum with 

regard to the extend they are decoupled from humans, rather than only an approach to 

provide full automation. Indeed, we argue that SPAs can be positioned on both sides of 

the continuum. In our setting, SPAs have served mainly as educator-replacing to aid 

educators in settings where they cannot provide individual support due to financial and 

organizational reasons. SPAs could therefore be used mainly in isolation from 

educators. In addition, SPAs could also be used to support the decision-making 

processes of educators. When students interact with SPAs, a great amount of student 

data can be collected, such as the current level of knowledge, frequency of exercises, 
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motivation at individual, and collective levels. This student data can help educators to 

introduce new measures (e.g., to explain ununderstood contents again, to offer low-

achievers individual help). In our view, the question about the role of AI systems in 

education is less about an either-or but more about both: i.e., replacing educators where 

they cannot offer help and informing educators’ decision processes. Moreover, the 

qualitative results indicate that students liked how the SPA fostered their understanding 

until they found the answer on their own. This indicates the positive effect of dynamic 

scaffolds and is a big difference to “business-as-usual” paper-based learning materials, 

where there is no interaction possible and scaffolds are static. It seems that students 

enjoyed having their personal tutor on their side and knowing that they can receive 

individual support when they cannot get any further on their own. The SPA then 

supported them in constructing knowledge on their own. This helped students to better 

internalize the learning materials and gain their problem-solving skills.  

Second, what could also contribute to the positive relationship between using SPAs and 

students’ problem-solving skills might be that students can change their learning 

behavior (theme 2). In particular, students can change their learning places and learning 

times. Similar results can be confirmed by Taylor (2006), who stated that using 

smartphones as learning assistants changed learning contexts, for instance in terms of 

ergonomics (user posture, lighting, background noise), social context, and demands of 

users’ attention. The different learning places and times might lead to higher amounts of 

learning time and, finally, better skill-development. On the other hand, students also 

mentioned that they felt weird using SPAs in public, which is also confirmed by findings 
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from Moorthy and Vu (2015). Their results showed that participants preferred using 

SPAs in a private location (e.g., their home) due to social acceptability.  

Third, one other reason for the superiority of the SPA compared to paper-based 

learning materials might be that SPAs are able to provide more dynamic support. In 

specific, students highlighted that the SPAs allowed them to learn at their own pace, 

receiving help whenever they wanted it. Learning at their own pace motivates students 

and gives them the feeling of working on their own academic progress (Chen 2008). 

These effects of receiving individual help whenever they want can also be confirmed by 

several other research papers in the area of personalized learning (Ammar et al. 2010; 

Song et al. 2012). Students did however mention that they wished that SPAs could 

detect individual students’ characteristics and in particular track their weaknesses. This 

confirms the research effort in the area of computer tutoring systems trying to capture 

students’ characteristics and adapt the systems accordingly. For example, Ammar et al. 

(2010) designed a computer tutoring system equipped with emotional management 

capabilities, which can capture student’s emotions during learning and respond 

accordingly.  

Our work contributes to two different research areas in educational technology. First of 

all, we contribute to computer tutoring research by providing much-needed empirical 

evidence on the effect of interactions with a new kind of ITS (SPAs) on students’ long-

term skill development compared to paper-based learning materials, especially in the 

field of business and law. To the best of our knowledge, empirical evidence for this 

technology in this area is still missing. Second, we contribute to technology-mediated 

learning by arguing that interactions with a new kind of information technology have the 
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potential to change students’ learning processes, resulting in increased levels of skill 

development. Our qualitative results assume that this new technology might be able to 

offer dynamic scaffolds in a more natural and sophisticated way. Since student-teacher 

ratios are increasing in today’s learning scenarios such as university mass lectures and 

online courses, SPAs could be very useful. In regard to its practical implications, this 

study exemplarily showed educators how to build and integrate SPAs in an existing 

“business as usual” learning environment.  

5 Limitations and Future Research 

The present study is not without limitations. First, we used a field quasi-experiment 

design to examine the impact of SPAs on students’ problem-solving skills. With this 

treatment design, pre-treatment group differences between the experimental group and 

the control group may confound post-treatment outcomes. We tried to address this point 

by collecting pre-experiment data and using ANOVAs to check if experimental and 

control groups are similar. Moreover, both classes in each school had the same teacher 

with the same learning goals and using the same teaching methods. Nevertheless, 

future experimental research may be able to confirm and extend our results.  

Second, the sample size of our two field quasi-experiments (n=45, 2 classes per school) 

can be considered as rather small for using an ANCOVA. However, our statistics 

showed a medium effect (in the high school) and a large effect (in the vocational 

business school) between these two groups, which indicates that there is a relationship 

between SPA usage and the increase of problem-solving skills. However, this small 

sample size does not allow further investigations regarding subsets of the sample. For 
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example, it would be particularly interesting to analyze low achiever’s engagement with 

SPAs compared to high achievers or those with low and high metacognitive skills to 

self-regulate their learning process. In addition, it may be revealing to observe students 

using these SPAs and derive interaction patterns from these data. These research 

questions cannot be answered with this study but provide exciting avenues for future 

research. Furthermore, we applied a mixed-method approach to partially compensate 

for the rather small sample size (Venkatesh et al. 2013). It would be interesting to see if 

studies with larger sample sizes are able to confirm our effect.  

Third, the focus group consisted only of participants of the second experiment in the 

vocational school. We cannot completely exclude the possibility that the statements 

made by participants of the first experiment (high school) would differ. 

Fourth, we conducted the SPA experiment over a relatively brief period under positive 

conditions. Such studies tend to produce better outcomes due to novelty effects and 

hyperattention to experiment details (Cheung and Slavin 2013). For the current study, 

novelty effects may be small, given the large percentage of participants reporting 

already high usage of SPAs on their smartphones (approximately 40% used SPAs 

every day on their smartphones and another 40% used it weekly; e.g., Siri). 

Nevertheless, using SPAs in the context of homework was something completely new 

for many students, which raises the question of the extent to which these systems can 

be used in the long term. It would be interesting to see in long-term studies whether 

these students also show increased problem-solving skills after 3-4 months or even 

longer. Another exciting question would be to investigate whether the time of use of 

these devices increases or decreases over the course of a whole semester. This study 
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cannot provide answers to these questions, but they offer interesting avenues for future 

research. 

Finally, this study also raises some ethical questions about data security and the 

potential benefit of one group and not the other. Students put their information on 

Amazon’s ecosystem, which might be a risk for some students. While it is hard to 

control student behavior, we ethically approved the study and educated students about 

the experiment and the corresponding risks at the beginning of the study. For future 

research, it would be interesting to see how SPA technology can be implemented in-

class to improve students’ skill development. Moreover, future research should focus on 

individual differences in students’ characteristics that might influence learning processes 

with SPAs.  

6 Conclusion  

Our study answered two research questions. First, we investigated whether SPA 

technology could increase students’ problem-solving skills. Within two experiments in 

two different school types (high school and vocational school), we were able to show 

that the use of SPAs over a period of five weeks has a positive effect on skill 

development, more precisely the development of problem-solving skills. Second, we 

examined how the use of SPA technology changes students’ learning processes. 

Students showed more interactive learning behavior and used the SPA in different ways 

compared to traditional learning aids. Moreover, students appreciated that they received 

individualized support from the SPA. The study provides empirical evidence for the 

usefulness of SPA technology and offers fresh insights into how this technology can 
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change students learning processes. The findings of this study contribute to computer 

tutoring and technology-mediated learning research.  
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APPENDICES 

Appendix A: Lessons and learning goals 

Lesson (15 lessons 

in total per class) 

Learning Goals 

Lesson 1 LG1: Students should understand the necessity of law in everyday 

life. 

Lesson 2 to 4 LG2: Students should explain differences between morality, custom 

and law. 

Lesson 5 to 7 LG3: Students should solve problems related to the freedom of 

opinion.  

Lesson 8 to 10 LG4: Students should solve problems related to the freedom of 

religion. 

Lesson 11 to 13 LG5: Students should solve problems related to the property 

guarantee. 

Lesson 14 to 15 LG6: Students should analyze in which cases fundamental right have 

their limitations. 

 

Appendix B: Homework assignment 2 and characteristi cs of a problem-based 

task 

Homework Assignment 2 
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Task:  Imagine the following scenario: The use of smartphones during the lesson is forbidden 

in your school. Nevertheless, Thomas K. (a classmate of yours) uses his smartphone during 

the lesson to text his mother that he will be late that day. The teacher collects the smartphone 

and tells Thomas K. that she will keep the smartphone until the end of the week. How would 

you solve this emerging problem with the help of the law? 

Characteristics of a 

problem-task 

(Jonassen 2000) 

How we addressed them 

Ill-structured The task can be considered as ill-structured, because not every 

piece of information is given. Moreover, it gives no advice on how 

to solve the task. 

Open-ended The task leaves room for interpretation. There is not a single right 

answer. The students have to interpret the legal articles in a 

correct way. 

Realistic The task relates to a topic that is currently highly discussed in the 

relevant country. It can therefore be considered as realistic. 

Resonate with the 

executors’ experience 

Since every participant owns a smartphone and has experienced 

similar situations in their own class, they can put themselves in 

Thomas K.’s position. 

 

Appendix C: Pre-survey items  

Pre-survey   
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Variable  Item Scale 

Pre-experience 

with SPAs 

1. Have you ever used a Smart Personal 

Assistant (e.g. Amazon’s Alexa, Google’s 

Assistant, Apple’s Siri? 

2. If yes, how often do you use a Smart 

Personal Assistant per week on average? 

Yes/No 

 

 

open 

Personal 

innovativeness 

1. If I heard about a new information 

technology, I would look for ways to 

experiment with it.  

2. Among my peers, I am usually the first to 

try out new information technologies. 

3. In general, I am hesitant to try out new 

information technologies (reverse-scored). 

4. I like to experiment with new information 

technologies. 

1 to 7 (7 = highest) 

 

 

1 to 7 

 

1 to 7 

 

1 to 7 

 

 

Demographics 1. Age 

2. Gender 

3. Apprenticeship company (for vocational 

business school only) 

open 

open 

open 

 

Appendix D: Pretest- and post-test tasks 

Learning goal  Pre-test  Post -test  
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LG3: solve problems 

related to the freedom 

of opinion 

Imagine that in your country, 

political parties issue posters 

that are obviously against 

foreigners. Some foreigners 

complain against that. How 

would you solve this problem? 

Imagine that in your country, 

Michael P, a good friend of 

yours, issues flyers that are 

obviously against one of the left-

wing politicians in the country. 

Some people complain against 

that. How would you solve this 

problem? 

LG4: solve problems 

related to the freedom 

of religion 

Imagine that in your country, 

women are not allowed to wear 

burqas in public. Adem and 

Merve, two Islamic women, do 

not care about this rule and go 

out with their burqas. They are 

caught by the police and have to 

pay a fee now. They are 

complaining about it. How would 

you solve this problem? 

Imagine that Muslims in your 

country have built a mosque in 

your neighborhood. After a 

while, a neighbor gets excited 

and criticizes the construction of 

the mosque. How would you 

solve the problem? 

LG5: solve problems 

related to property 

guarantee 

Imagine the state you are living 

in wants to build a road on your 

land. If you do not allow this, 

your land will be expropriated. 

You are filling a complaint 

against the expropriation of your 

Imagine that the city you are 

living in want to create a one-

week food festival and, thus, 

needs two of your land plots, 

against which you are filing a 

complaint. How would you solve 
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land. How would you solve this 

problem? 

this problem? 

 

Appendix E: General rating framework per task 

Problem -solving step  Key Questions (1 Point per 

question) 

Points  

1. Problem 

identification and 

engagement 

What is the main problem that is 

touched here?  

Who are the involved parties? 

2 

2. Problem 

exploration 

Which area of the law is affected? 

What are the interests of the individual 

parties? 

2 

3. Problem 

reconstruction 

What is a possible solution for the 

problem? 

Which article could apply here? 

What does the given law article say? 

3 

4. Solution 

presentation and 

communication 

How can the law article be applied in 

the context? 

Are other articles also applicable? 

3 

Jo
urn

al 
Pre-

pro
of



  

  

  47 

Who can raise which claims? 

5. Reflection and 

Negotiation 

How can you justify the solution? 

How can the related fundamental rights 

be restricted? 

2 

Total   12 

 

Appendix F : Post-survey items  

Post -survey  

Variable Item Scale 

Question 1 To what extent do you feel that the learning 

materials has helped you? Why? 

Open 

Question 2 

(treatment-

specific) 

What are your experiences when using the 

Smart Personal Assistant as a tutor? 

Open 

 

Appendix G: Detailed pre-test results and student c haracteristics 

Experiment Class (SPA) Control Class (traditional 

learning materials) 

Study 1: High School   

Jo
urn

al 
Pre-

pro
of



  

  

  48 

 Points 

achieved 

Std. 

Dev. 

N Mean Std. Dev. N 

Sub-task 1 (total: 12) 2.65 1.32 23 2.60 1.94 22 

Sub-task 2 (total: 12) 3.31 1.59 23 3.21 2.53 22 

Sub-task 3 (total: 12) 4.50 2.11 23 4.46 2.83 22 

Total 10.46 1.67 23 10.27 2.44 23 

   

Study 2: Vocational 

Business School 

  

 Points 

achieved 

Std. 

Dev. 

N Mean Std. Dev. N 

Sub-task 1 (total: 12) 2.85 1.25 23 2.55 1.54 22 

Sub-task 2 (total: 12) 4.00 1.65 23 3.55 2.34 22 

Sub-task 3 (total: 12) 4.85 2.02 23 4.60 2.12 22 

Total 11.70 1.63 23 10.67 2.16 23 

 

 

 

 

Experiment 

Class (SPA) 

Control Class 

(traditional learning 

p-value 
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materials) 

Study 1: High school    

Gender Male  = 9, 

Female = 13 

Male = 11, Female = 

12 

0.650 

Age 16.9 17.1 0.788 

School grades (6 is 

best) 

4.69 4.61 0.558 

Pre-experience with 

SPAs (7 is best) 

3.17 3.14 0.941 

Personal innovativeness 

(7 is best) 

4.55 4.80 0.191 

    

Study 2: Vocational 

Business School 

   

Gender Male = 12, 

Female = 10 

Male = 12, Female = 

11 

0.248 

Age 17.4 17.2 0.743 

School grades (6 is 

best) 

4.47 4.20 0.100 

Pre-experience with 2.77 2.39 0.552 
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SPAs (7 is best) 

Personal innovativeness 

(7 is best) 

4.20 4.57 0.332 

 

Appendix H: Graphical check for assumptions for ANC OVA 

Experiment 1 in high school 

Statistical and visual 

test for normality 

Test for homogeneity of 

variance 

Test for homogeneity of 

regression slopes 

Shapiro-Wilk normality 
test 

W = 0.98714 

p-value = 0.8927 

Levene’s test 

F = 0.0861 

p-value = 0.7706 

Interaction Analysis 

F = 0.277 

p-value = 0.601 

 

 
 

 

Experiment 2 in vocational business school 

Tests for normality Tests for homogeneity of Tests for homogeneity of 
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variance  regression slopes  

Shapiro-Wilk normality test 

W = 0.98408 

p-value = 0.7847 

Levene’s test 

F = 0.1299 

p-value = 0.7203 

Interaction Analysis 

F = 1.305 

p-value = 0.260 
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• Smart Personal Assistant technology foster students’ problem-solving skills  

• Smart Personal Assistant interactions change students’ learning behavior 

• Two field quasi-experiments and focus group provides evidence for this effect 

• Findings contribute to computer tutoring and technology-mediated learning research 
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